Optimization of gears with particular reference to design parameters by Davey, R. J.
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 
1972 
Optimization of gears with particular reference to design parameters 
R. J. Davey 
Wollongong University College 
Follow this and additional works at: https://ro.uow.edu.au/theses 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Davey, R. J., Optimization of gears with particular reference to design parameters, thesis, School of 
Mechanical Engineering, University of Wollongong, 1972. https://ro.uow.edu.au/theses/2940 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 
OPTIMIZATION OF GEARS WITH 
PARTICULAR ’REFERENCE TO 
DESIGN PARAMETERS
By
R.J. DAVEY, B.Sc. (TECH) N.S.W.
Submitted as part requirement for the Degree of
MASTER OF ENGINEERING SCIENCE 
in Mechanical Engineering
Wollongong University College 
University of New South Wales
July, 1972
TABLE OF CONTENTS
Page No,
SYNOPSIS (i)
ACKNOWLEDGMENTS (iii)
LIST OF SYMBOLS (iv)
INTRODUCTION (vi)
CHAPTER 1 - CONVERSION OF B.S.S. k3&
GRAPHS FOR APPLICATION TO COMPUTERS
1.0 Basic Analysis 1
1.1 I.B.M. Programme for Polynominal 5
approximation of data points
1.2 Chart 7. Zone factor for helical gears - 7O o30 helix angle, 20 normal pressure 
angle
1*3 Chart 8* Zone factor for full depth 11
Spur Gears 20° pressure angle
1#*f Chart 9* Strength factor for Wheel 15
Helical Gears - 30 helix angle and 
Spur Gears, 20° pressure angle
1*5 Chart 9# Strength factor for Pinion - 18
Helical Gears - 30 helix angle and 
Spur Gears, 20 pressure angle
1*6 Combined speed and running time 22
factors for Spur and Helical Gears 
for strength XB*
1*7 Combined speed and running time factors 26 
for Spur and Helical Gears for Wear XC
TABLE OF CONTENTS - (Coni.)
Page No.
CHAPTER 2 - OPTIMIZATION FOR SELECTION OF
PITCH - APPENDIX C - B.S.S. k36
2.0 Computer Do-Loops for variables 30
2.1 Non-generation of fractional teeth 
numbers
32
2.2 Modifications for varying helix angles 
and internal gears
33
2.3 Selection of optimum gear material 36
2.A Selection of specified centre distance 37
2.5 Selection of the number of pinion teeth Ao
2.6 Calculation of equivalent running time ¿+3
2.7 Selection of optimum pitch ^5
2.8 Combination of sub-routines
CHAPTER 3 - GEOMETRY OF GEARS
oo Gear proportions 53
3.1 Addendum, dedendum and centre distance 5^
3.2 Cutter - Setting Corrections and gear 
diameters 57
3*3 Bottom clearance and running pressure angle 59
3»1* Tip width of teeth 61
3.5 Constant chord, face width and velocities 6k
3.6 Tolerances 66
TABLE OF CONTENTS - (Cont.)
CHAPTER k - SUMMARY OF CONCLUSIONS
4.0 Summary of conclusions
CHAPTER 5 - BIBLIOGRAPHY AND REFERENCES
5.0 Bibliography and references
CHAPTER 6 - APPENDICES 
1* Listing of programmes ,
2* Tabulation of calculated values
Page No»
68
70
71
99
( i )
SYNOPSIS
The present report concerns a study of B.S.S. kj>6: 19^0 "Machine 
Cut Gears - Helical and Straight Spur" for application to computer 
terminology#
Owing to the number of variables in the British Standard 
Specification gear design equations, it becomes a rather tedious 
matter to design a set of well proportioned gears direct from the 
Specification* A trial and error method seems to be the only 
approach* Equations with trial and error solution lend them­
selves to computer solution.
This solution to gear design aims at reducing the number 
of variables from nine to four; namely, gear ratio, horsepower 
to be transmitted, speed of one gear in r.p.m#, and hours of 
operation per day, all of which should be readily available to 
the designer# The programme developed will enable the design of 
a set of gears with these as the input, but depending upon the 
designer's experience and requirements, control over-rides have 
been allowed for adjustments. These include size of gears, number 
of teeth, type of material, helix angle and width of gears*
The programme first selects the relevant strength and 
wear parameters for a particular gear - teeth combination, and 
proceeds to calculate four suitable pitches* These pitches are
(ii)
stored to be compared with the next calculated set of four. The 
"best” pitch is then selected, after which the geometrical pro­
portions for the particular set of gears required are calculated.
A table of the gears (including all machining data) is then printed. 
The various gear sets that have been neglected, are then examined 
to consider the basis of choice for the optimum set of gears. An 
appreciation is gained of how the choice of pitch and number of 
teeth effect the sets of gears that could be chosen for a particular 
application.
The programme developed presents a method of gear design 
that reduces the number of variables, the selection of which is 
dependent largely on the designers experience.
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LIST OF SYMBOLS
A = Wheel addendum
a = Pinion addendum
B = Wheel dedendum
b = Pinion dedendum
C = Standard centre distance
Cr = Running centre distance
Cf = Face width coefficient
D - Pitch circle diameter of wheel
F Face width
K = Pitch factor
P = Diametral pitch
Pn = Normal diametral pitch
pa = Axial pitch
pn - . Normal pitch
Kp t= Pinion correction factor
Kw = Wheel correction factor
N = Revolutions per minute of wheel
n = Revolutions per minute of pinion
R = Gear Ratio
rb = Base circle radius
(v )
LIST OF SYMBOLS - (Cont.)
Sb = Bending Stress factor
Sc = Surface stress factor
T = Number of teeth in wheel
t = Number of teeth in pinion
t . = m m Number of pinion teeth for conjugate action
Xb = Speed factor for strength
Xc = Speed factor for wear
Y = Strength factor
Z = Zone factor
a  = Extension in centre distance
t> o
II 
1! Cutter setting correction 
Helix angle
o II .Pressure angle of cutter
[J tr = Running pressure angle in transverse plane
INTRODUCTION
INTRODUCTION
( v i )
The British Standard Specification (B.S*S* 6, A.S.S. B61) (1)
gives in Section 63, the horsepower capacities for spur and 
helical gears as:
Horsepower for wear XCSCZFNT (1)
126000KP
Note: K = P°*8
Horsepower for strength X^S^YFNT (2)
126000P2
These equations apply to the larger gear called the 
wheel, in the combination; n and t replace N and T respectively 
for the smaller gear, called the pinion* Thus horsepower capacities 
for strength and wear of both the pinion and wheel can be determined 
the allowable horsepower capacity for the combination being the 
lowest of the four values* These equations tend to become "cheeking 
equations for gears already in service* They do not lend them­
selves to direct design of new gears in their present form*
One of the most difficult estimates for the inexperienced 
gear designer to make is that of diametral pitch* Since horsepower 
to be transmitted is usually known, the problem becomes one of 
designing a set of gears with a suitable pitch. This suggests 
that the subject of the equation should be diametral pitch in 
preference to horsepower. Before this can be achieved, one must
Cvii)
consider the face width of the gear, which should be proportional 
to the size of the teeth* This relates the face width with the 
pitch. Faires (2) states that in the absence of special con­
siderations, the following proportions are considered good for 
straight spur gears*
8 Face Width 12*3
p \  \  ?
For helical gears Roberts and Arnold (3) recommend face widths
ranging from
Face Width 38
\  p
To enable face width and pitch to be related, the following 
equation is used*
F = Cf (3)
P
Where Cf is called the face width coefficient, varying from 8 to 
12*5 for spur gears and 19 to 38 for helical gears*
0 8Substituting equation (3) into equation (1) and P * for K, 
then rearranging
Diametral Pitch for Wear
P = 2-8/  xcScZ w
V  ir
where ir  = I26OOO H.P.
Cf NT
(viii)
Similarly ^
Diametral Pitch for Strength
P 3/ XbSbY
ir
( 3 )
Note: 1* The product NT = product nt*
20 Special care must be exercised in the use of equation 
(k) with helical gears* K, the pitch factor, which
pitch on a section at right angles to the axis* This 
is known as the transverse diametral pitch, and means 
that all subsequent calculations for helical gears will 
give transverse diametral pitches, which must be con­
verted to normal diametral pitches for certain 
machining operations© .
The current method of gear design to B„S*S. A36 is as follows:
1* As the parameters Xb?Xc^y and z are given as functions of teeth 
number, the number of teeth in the pinion may be chosen and the 
number of teeth in the wheel for the required gear ratio de­
termined* More detail as to the choice of the number of pinion 
teeth will be given in latter chapters*
' 2* Choose the pinion and gear materials from B.S0S0 kj>6 Appendix 
A and note the Sb and Sc values for these materials© Because
is equal to P0*8 , in all cases refers to the diametral
( i x )
the pinion makes more tooth contacts per unit time than the 
wheel* the and Sc values for the pinion should be slightly 
higher, than those of the wheel*
3* Choose the values of and XQ for the equivalent running time 
from charts 10 and 11 of B.S.S.
*f# Obtain the strength factor Y (chart 9) and zone factor Z
(chart 7 or 8) noting that modification is required where the 
helix angle is other than 30 degrees.
5* Select the desired value of the face width coefficient for the 
required gear proportions*
6* Use equations (*f) and (3) to calculate the required diametral 
pitch for wear and strength of both the pinion and wheel. For 
a well balanced design, the four calculated values of diametral 
pitch should be reasonably close. The lowest of the four 
calculated diametral pitch values is the critical value for 
design, being based on tie allowable horsepower to be transmitted* 
Choose the nearest standard diametral pitch in accordance with 
Appendix C of B.S.S*
Example:
Design a pair of helical gears having a 20 degree normal pressure
angle and 20 degree helix angle for a 3 to 1 speed reduction and
to transmit 200 horsepower. The input speed is >̂00 r.p.m. and
( x )
the equivalent running time is 12 hours per day*
The calculations, using the six steps, are summarized in table 1*
This approach is not new as it first appeared in 19^8 
by Watts (A) and has been modified by Roberts and Arnold (3) in 
I960* It appears to be the best longhand method available today 
for the design of gears by the inexperienced designer*
Three out of six of the steps require assumptions to be 
made, and there is even an assumption of the helix angle in the 
original data* If one examines the number of choices in the 
assumptions,a greater appreciation of the difficult nature of ■ 
gear design becomes apparent* Consider the number of teeth in the 
pinion* The B.S.S* A36 allows this to vary from 11 to A00* How­
ever, for practical purposes this is usually limited from 17 to 
50* There are 70 metals listed as gear materials in the Code*
The choice of the pinion material is thus 1 in 70 and that of the 
wheel 1 in 69 if the same material is not used* However, practical 
purposes would probably limit the number of materials available to 
the designer* The assumption of the face width coefficient for 
helical gears offers a range from 19 to 38, giving approximately
20 choices if one takes unit increments* The choice of helix
0 , 0  0 0  .angle can vary from 0 to A3 but angles of 15 to 30 are typical.
In the most academic case the number of choices available for 
number of teeth, helix angle, material and width of gear is equal to
Cxi)
Choices = kOO X 45 X 70 X 70 X 20
= 1,76^,000,000
On more practical terms this figure would be greatly reduced*
Even with this technique the number of choices available, 
together with the complexity of the equations involved makes the 
design of a well balanced set of gears an arduous task* It is 
from this point that attempts are made to eliminate the assumptions 
that the designer has to make*
The first step appears to be in the elimination of the 
choice of pinion teeth* This is easily achieved by a simple DO . 
loop in a computer programme, but each time the number of teeth 
are changed so are the values of zone factor and strength factor* 
Speed factors for wear and strength depend on speed of rotation 
and equivalent running time, both of which are constant for a 
particular gear set*
All other variables, namely helix angle, choice of 
material and width of gears are handled by simple DO loops, 
nested together to calculate the four pitches* Special precautions 
to prevent gears having fractional number of teeth being generated 
have been taken* All calculated pitches are compared for their 
closeness, the four closest being retained for final calculations*
( x i i )
In the work that follows, various sub-programmes have 
been developed which are then combined to form the final programme*
The value of the technique developed is twofold in that 
firstly it eliminates all assumptions for the inexperienced designer 
and secondly it allows the experienced designer to place his own 
parameters such that he can choose the set of gears best suited 
to his requirements#
CHAPTER 1
CONVERSION OF THE B.S.S. 436 GRAPH
FOR APPLICATION TO COMPUTERS
1#0 Basic Analysis
Graphs 7 to 11 of B#S#S. 436 apply to the parameters 
Z, Y, Xg and Xc# Since Z and Y are dependent on the number of 
teeth in the pinion and the wheel, and it is anticipated that 
these will be varied, the values of Z and Y must also be variable# 
This could be achieved by constant data change, but would detract 
from the basic concept of the programme, which is to allow design 
of gears, with four input parameters and without reference to 
B.S.S# 436.
• •  1 ■ “
The method of converting the graphs to a form suitable 
for computer use proved difficult, due to the shape of the curves, 
the lack of suitable equations, and the small range of values of 
X and Y over the complete range of pinion teeth# Attempts to 
obtain the original equations for the graphs from the British 
Standards Institution proved unsuccessful#
A set of data, read from the graphs, was fed into an 
I.B.M# master programme for polynominials. This gave good 
agreement, but the equations did not lend themselves to inter­
polation# This programme is detailed in Sections 1#1#
The method which proved most successful was to replot 
the graphs# The choice of the coordinates was based on the graphs 
by Watts (4), who plotted the parameters as a function of gear
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ratio« Watts developed a method of designing gears to a specified 
centre distance by rearranging the horsepower equations (1) and (2)« 
Substituting T/D for diametral pitch P and relating the face width 
to the diametral pitch by the equation F e Cf/P then rearranging
m 1«8 Y C T)2«8 wnx*
1 NCf
Z 126000 H.P.
When is plotted against pinion teeth on log - log
paper as a function of gear ratio the parameter appears as an 
approximate straight line« The principle of the conversion of 
these graphs to computer terminology forms the basis of the ,
originality of this report*
The graphs of B.S.S. kj6 appear in the form of figure 1: 
(A)« When replotted on log - log paper, the graphs approximate 
straight lines as shown in figure 1 (B)
Let Wheel Teeth = TW
Pinion Teeth = TP
Factor = V
Gear Ratio = R
asb,c, d, e, = powers
A,B,C,D,E, = constants
Plotted on log - log paper the general equation of the lines are -
3
TW a = A.TPb 
V
where b = log Y^ - log 
log X2 - log
«••(lol)
(Base 10)
A = *1
*1 b
However, A varies for each particular value of R if is constant# 
The relationships between Y-j and R for constant X̂j is plotted on 
log - log paper as shown in Figure 1 (C)#
The equation of the line is •
A L P H A  = brc ...(■1.2)
where C = log Yl+ " l°g (base 10)
B
log R2
Y3
log R-J
R c
To find the equation of a particular line, the value of the constant 
must be known for the particular gear ratio.
For a particular value of X-j and R, the constant is found from 
equation 1.2. Substituting and the constant, A is found from
«■ 4 **
A = A L P H A  = B.RC
________________ = C.R
’ TP b
(since TP̂ j is a constant#) 
Substituting R = TW/TP into equation 1#1 
and rearranging
V = rwa_c TPc-b
c
#•*(1 .3 )
This is the basic technique for finding values of the 
parameters X, Y, Xg and Xc# In all cases a single equation is not 
sufficient to cover the whole graph, due to the lines not being 
straight and parallel# The graph is therefore broken up into a 
number of areas depending on gear ratio and number of pinion 
teeth#
The limitations placed on the replots, based on the 
recommendations of Faires (2), Arnold and Roberts (3)1 Watts (*f), 
Merrit(3) and Dudley (6) are
1# Pinion teeth limited to the range 10 to ^0#
2# Maximum gear ratio in a single gear set is 10#
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FIG.2— IBM PROGRAMME FOR ZONE FACTOR
(FROM TABLE 5)
5
1*1 I*B*M* PROGRAMME FOR POLYNOMINAL 
APPROXIMATION OF DATA POINTS
The first attempt at finding equations for the graphs 
of B.S.S. kj6, was that of polynominal approximation based on a 
standard I.B.M* programme* The programme* which was modified to 
FORGO to include calculation of percentage error is listed in 
Appendix 1 as programme 1•
A set of data points X (1) and Y (1) are used to calculate 
the equation#
Y = A1 + A2 X + A, X2 + .....  A m+1 Xm '
where M = Power of X to which the equation is required*
N = Number of (X*Y) data points*
An example of the use of this programme is detailed in 
Tables 2 to 6 of Appendix 2* For a gear ratio of one* the Zone 
Factor for helical gears (Chart 7 B.S.S* kj6) is listed in Table 
2* These values were used as (X,Y) data points and different 
polynominals with M = 2*3»^ and 5 calculated and listed in Tables 
3 to 5* The results are shown graphically in Figure 2*
The polynominal of the fourth order gave good agreement 
between the calculated values of Zone Factor and the data values*
The calculations were repeated for various values of gear ratio*
6
giving ten equations for unit increments in gear ratio*
For fractional gear ratios, the problem of estimating 
Zone Factor lead to a complex programme* This was caused by­
equations for various gear ratios, being unrelated polynominals 
of various orders*
The method outlined in Section 1*0 generates a general 
equation for all lines, which are related by various constants, 
and a less complex programme than that for unrelated polynominals 
can be achieved* It is for this reason that the method of Section 
1*0 was pursued, with detailed analysis in Sections 1*2 to 1*7*
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The new coordinates for replotting Chart 7 of B.S.S, 
were
Ordinate: TW Abscissa: TP
A36 (Figure 3)
where TW = Number of teeth in wheel
TP = Number of teeth in pinion
Z = Zone Factor
;ct
To facilate the replotting, data values were tabulated 
(Appendix 2, Table 7) from Chart 7* A short programme (Appendix 1, 
Programme 2) was written to convert this data to the new parameter 
of TW /Z# The results (Appendix 2, Table 8) of pinion teeth 
verses TW ' *°/Z were plotted as figure A*
The general equation of the lines is
TW 1*8 = A.TPa
Z
where A = Constant for each line 
a = log 2̂ - log
_______________ (base 10)
log x 2 - log X1
Values of a, are summarised in (Appendix 2, Table 9.)
Grouping gear ratios, three equations are formed
AL
PH
A
FIG .5 —EVALUATION OF LOGOMETRIC CONSTANT
8
TW 1#^/Z = A.TP 0,98 R = 1,7.5
TW 1*8/2 = B.TP 0,9 R = 2,3,^,5
TW 1•8/Z = C.TP 0.9^ R = 10
From Figure 3 the values of A,B and C can be calculated
Equation of line A L P H A _ D.Rb
b = log 710 - log 173
log 5 - log 20
= 2.8513 - 2.2380
O .699 - 1.301
= 1.53
A L P H A  = d .e 1 *53
when R = 1 A L P H A  = 60
A L P H A  = 60 R 1*53
D = 60
...O.iO
This equation will give the value of the constant on the 
Ordinate for any value of R for a constant TP of 10. To find the 
equation of a particular line for R = 1 or 7.5
TW 1«8 = A.TP °*98
Z
A = 60 r 1*53 TP = constant 10
rjip 0.98
FIG .6-ZONE FACTOR FOR HELICAL GEARS
(p E A D .T P .R  )
-, TW** •27*TP*»-55 -, TW**-27~TP*»-63L  -  ............ ...6-3_______ _ ___  -«
L - 7-5
PRINT-*•*( _ W-
-  9  -
A = 60 R 1.53
9.5
A = 6.3 R 1 *53
hence TW 1.8 = 6.3 R 1 *53 ,TP°*98
but
Z
R = TW 
TP
T W 1 *8 = 6.3 t w 1 *53
~Z t p 0.55
R = 1,7.5
similarly
R = 2,3,4-,5
R = 10
z = TW^*^ TP^*55
6.3
z = TpO.63
7.5
z = Tw °*27 <pp°«59 -
7.7
...(1.5)
•••(1 .6)
. . . ( 1 .7 )
The logic diagram (Figure 6) was drawn from which the 
programme (Appendix 1, Programme 3) for Zone Factor of Helical 
Gears was produced.
The programme was tested and the results shown in
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FIG. 7 —  PROGRAMME FOR ZONE FACTOR
(FROM TABLE 6 )
- 10 -
Appendix 2, Tables 10 and 11. A typical set of the data against 
calculated values is plotted as Figure 7«
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1.3 CHART 8 ZONE FACTOR, FULL DEPTH SPTO GEARS-
20° PRESSURE ANGLE
The new coordinates for replotting Chart 8 of B.S.S. kj>6 (Figure 8) 
were
Ordinate: Abscissa: TP
Z
To facilitate the replotting, data values were tabulated 
(Appendix 2, Table 12) and programme 2 of Appendix 1 used to convert 
the data to the new parameter of TW^*^/Z* The results (Appendix 2, 
Table 13) of pinion teeth verses TW^*®/Z were plotted as Figure 9*
The general equation of the lines is 
TW1 *8 = A.TPa
Z
where a = log - log T̂
log - log
(base 10)
Values of "a" for various gear ratios are summarised in 
Appendix 2, Table 1^* Grouping Gear Ratios, four equations are
formed*
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TW1,8/Z = A.TP1 *1
TW1*8/Z = B.TP
TW1*8/Z = c .t p °*9
1 8TW /Z = D
Figure 10 was plotted for
namely 10.
Values of A,B,C and D are
Equation of line is CONST
R = 1
R = 2
R = 3;^
R = 3;7#3;10
a constant number of pinion
calculated from Figure 10.
= E.Rb
b = log 3300 - log 100 3.519 - 2. = 1.69
log 10 - log 1.27 1. - 0.10A
When R = 1 CONST = 6 7 E = 67
CONST = 67.R1' 69 ..(1 .8)
Equation 1.8 gives the value of the constant on the 
ordinate for any value of R, for a constant number of pinion teeth, 
namely 10. To find the equation of a particular line,
TW1#® = A.TPa
Z
A = 
a =
A =
Different constant for each line (equ. 1.8)® 
Variable slope (1.1; 1.0; 0*9» 0.86). 
tw1.8 67 R1*69
Z.TPa ' 10»
for each line
FIG .II—ZONE FACTOR FOR SPUR GEARS —
1 3  -
but
for
R = 1
Similarly
R = 2
E = 3tif
H = 5,7.5,
programme
TW1 ®8 = 67E1 *69 . TPa
Z 10a
E = TW/TP
Z = 10a . TW0*11 . TP1 *^9 " a
67
E = 1 a = 1 .1 101#1 = 12.6
10
Z = TW0*11 . TP0*^9
6*7
Z = TW0“11 . tp°*?9
8 A
Z = TW0,11 . TP0,85
9.25
...(1.10)
...(1 .1 1 )
...(1 .12)
The logic diagram (Figure 11) was drawn, and the 
(Appendix 1 , Programme k) for Zone Factor of Spur
Gears written.
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(FROM TABLE 16)
ZONE FACTOR FOR SPUR GEARS
The programme was tested and the results tabulated 
(Appendix 2, Tables 15 stnd 16)* A typical set of data against 
calculated values is plotted as Figure 12*
F I G .  13
—  F I G . I 3 - B . S . S .  4 3 6  C H A R T  9. S T R E N G T H  F A C T O R - H E L I C A L - S P U R  G E A R S  —
F I G .  14
N
U
M
B
E
R
 
O
F
 
P
IN
IO
N
—  F I G .  14 —  S T R E N G T H  F A C T O R  F O R  W H E E L S  —  H E L I C A L  A N D  S P U R  G E A R S  —
(FROM TABLE 18)
500 700 1,000200 300 2,000 3000 5,000 ?000 10000100 2Q000 30000 50,000 70000 I0Q000
(NUMBER OF TEETH IN WHEEL) /  STRENGTH FACTOR
40
35
30
28
26
24
22
20
18
16
14
12
10
mm 15 * *
l A  CHART 9 - STRENGTH FACTOR FOR WHEEL - 
HELICAL GEARS - 30° HELIX ANGLE AND SPUR GEARS,
20° PRESSURE ANGLE
B.S.S. k ji6 Chart 9 (Figure 1 3 ) gives values of strength 
factor for both pinion and wheel* However, with a replot using 
strength factor as the ordinate, it becomes necessary to replot 
two graphs; One with pinion strength factor against pinion teeth, 
the other with wheel strength factor against pinion teeth. Data 
(Appendix 2, Table 17) was compiled from Chart 9 and programme 5 
of Appendix 1, used to convert this data to the new parameter of
where TW = number of teeth in the wheel 
YW = Strength Factor for the wheel
The results were tabulated (Appendix 2, Table 18) and
2Figure 1*f plotted of pinion teeth verses TW /YW. 
The general equation of the lines is
TW2 A.TPa TP < 2 0
YW
TW2 B. TPb TP ̂ >20
YW
Values of "a" and MbM are summarised (Appendix 2, Table
19) from the equation
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CONSTANT
-  16
a log Ŷ  - log Y^ (base 10)
log - log
As the variations in slope are small for different gear
ratios, the variations are considered linear, and are plotted as 
Figure 15* The general equation of the lines is Y = MX + C, with 
values summarised in Appendix 2, Table 20. The values of nm,f and 
"c" are the results of solving two simultaneous equations.
Figure 16 was plotted (for constant TP of 20 Appendix 2, 
Table 18) of CONSTANT against Gear Ratio.
The line was divided into two parts, to give straight lines 
about R = 2.
General equation of line is
CONSTANT = ARb
where slope b = log Y^ - log Ŷ (base 10)
log X^ - log X1
b = log 2750 - log 638
log 2 - log 1
- 3.^393 - 2.80^8
0 * 3 0 1
FIG.17—STRENGTH FACTOR FOR WHEELS
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(FROM TABLE 22)
When
R > 2
When
(Appendix
(Appendix
1 7
= 2*11
R = 1 CONSTANT » 639
CONSTANT = 639 R2*11
A = 639
...d.13)
b = log 62,500 - log 2750 
log 10 - log 2
= 4.7959 - 3.4393
1 - 0.301
= 1.94
R = 2 CONSTANT = 2750 A = 716
CONSTANT = 716 R1.94 ...(1.14)
The logic diagram (Figure 17) was drawn, and the programme 
1, Programme 6) for Strength Factor of the Wheel written.
The programme was tested and the results tabulated 
2f Tables 21 and 22). A typical set of data against
calculated values is plotted as Figure 18*
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1*5 CHART 9 - STRENGTH FACTOR FOR PINION - 
HELICAL GEARS - 30* HELIX ANGLE AND SPUR GEARS,
20° NORMAL PRESSURE ANGLE
B.S.S. k3& Chart 9 (Figure 13) was converted to the new
parameter of TP^/YP# •
where TP = number of teeth in the pinion
YP = Strength Factor for the pinion#
Data (Appendix 2, Table 23) was compiled from Chart 9
and programme 7 of Appendix 1 used to convert this data to the new
parameter# The results were tabulated (Appendix 2, Table 2k) and
2figure 19 plotted of TP against TP /YP for various gear ratios# The 
graph was divided into four parts,
(1 ) 1 R <  2 and TP J> 30
(2) 1 = R <  10 TP <C 20
(3) 2 = R < 1 0 TP >  20
(k) 1 < R <  10 TP = 20
The general equation of the lines in areas 2 and 3 is,
TP2 = A.TPa TP <C 20
YP
TP2 = B.TPb TP 20
YP
Values of ffa,f and MbM are summarised (Appendix 2, Table 
23) using the equation.
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( S T R E N G T H  F A C T O R  F O R  P IN IO N S )
1-5 2 3 4 5 6 7-5 IO
GEAR RATIO ' r '
a = log Y^ - log Y^
(base 10)
log - log X1
For the region 1 <  R <  2 and TP >  30 (Area 1)
Slope = log 23^0 - log IkkO 
log ¿+0 - log 30
= 3.370 - 2.158 
2.602 - 2.¿+77 
= 1.70
As the variations in slope (Table 25) are small for ,
different gear ratios, the variations are considered linear. The 
general equation of the lines is Y = mX + b with values of nm” and 
nbn summarised in Appendix 2, Table 26. nml? and "b" are the results 
of solving two simultaneous equations.
Figure 20 was plotted (for constant TP of 20 Table 2k) of 
CONSTANT against gear ratios. The line was divided into two parts 
to give straight lines about R = k* . .
The general equation of this line is
CONSTANT = ARb
Values of "b" are listed in Appendix 2, Table 27.
R<k
When
R > 4
When
R <  2
CONSTANT = A
r0.097
R = 1 CONSTANT = 637 A = 6 3 7
-  20 -
CONST = 637
r 0.097
...(1.15)
CONSTANT = A
R.051
R = if CONSTANT = 557 
A = 557 x 1.07^ = 598
CONST = 598
r .°51
...(1 .16)
TP >  30 
CONSTANT = A
0.228
When R = 1 CONSTANT = 1H 0  ’ '• A = 1^0
FIG.21-STRENGTH FACTOR FOR PINIONS —
( r£AD,TP,R,Tw)
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STRENGTH FACTOR FOR PINIONS
21 er»
l . mn .1 ..............
CONST -  lififO
0 o228
^ , ■ .m --------------------  ----—  
O 0 »(1 0 1 7 )
The logic diagram (Figure 21) was drawn and the programme 
(Appendix 1, Programme 8) for strength factor of the Pinion written»
The programme was tested and the results tabulated as 
A p pendix 2 Tables 28 and 2 9 o A typical set of data against calculated 
values is plotted as Figure 22»
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1»6 COMBINED SPEED AND RUNNING TIME FACTORS 
FOR SPUR AND HELICAL GEABS - FOR STRENGTH X B#
Chart 10 B#S#S# kj>6 (Figure 23) is a function of 
equivalent running time in hours and speed in revolutions per 
minute# These two parameters are usually constant, and as such 
XB could be used as data in the final programme# However, by 
computerising this graph, the added flexibility of variable speed 
is achieved#
Over the speed ranges 0#1 - 10; 10 - 100; 100 - 1000
and 1000 - 10,000 r#p#m., Chart 10 as drawn is approximately 
logrithmic, and hence the analysis does not require a replot of 
the data.
The general equation of the lines is
- 22 -
Speed Factor for Strength XB = B
B.P.M.b
where B = Constant for each line
b = Slope of line
Values of b are summarised in Appendix 2, Table 30
from b = log Y2 - log Ŷ
(base 10)
log X2 - log X^
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FIG. 24-EVALUATION OF LOGOMETRIC CON ST. -
(SPEED FACTOR FOR STRENGTH)
2 3  -
To find values of B the chart was divided into three 
sections about 10f100 and 1000 r*p#m# Figure 2k was plotted of 
XB for each of these divisions and found to be loggrathmic with 
a general equation
1X B 1 s
Values of c are summarised in Appendix 2 f Table 31 
For 10 r#p*ra#
1 0XB =
EQRT *155
when EQRT = 1 hr# XB = 0#8 hence C = 0#8
10 r*p#m#
Similarly 
100 r#p*m#
1000 r#p#m#
XB1 = 0.8/EQRT*155
...(1.19)
...(1.20)
These equations allow the calculation of B#
B
XB =*
R.P.M .0 9 3
When R*P.M. = 10 XB is calculated from equation 1.18 
' B = XB1 RPM*°95
B = XB1 10°093 
= 1.24- XB1
0*1 - 10 r*p*m.
Similarly 
1© - 100 r*p*m,
.(1.21)
e •.(1.22)
100 - 1000 r.p.m. 3.47 XB
XB =
R.P.M. 0.18
..(1.23)
1000 - 10,000 r.p.m.
...(1.24)
Note: 100*1** = 1.38 10000*1  ̂= 3.4? 10000*-51 = 8.5
FIG. 25-SPEED FACTOR FOR STRENGTH
( read, r.pm .,eqrt,r)
-  2 5  -
From these equations the logic diagram (Figure 25) for 
combined speed factor for strength was drawn®
The analysis of Chart 11 B«S.S* A36 is identical to that 
of Chart 10; hence one programme was v/ritten for both Charts0 
This is detailed in Appendix 1, Programme 9« Test results are 
tabulated as Appendix 2, Tables and 35*
t
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FIG. 2 7 -EVALUATION OF LOGOMETRIC CONST,
(SPEED FACTOR FOR WEAR) '
COMBINED SPEED FACTOR FOR WEAR-XC
«• 26
1«7 COMBINED SPEED AND RUNNING TIME FACTORS 
FOR SPUR AND HELICAL GEARS - FOR WEAR XC
Chart 11 B#S»S© A36 (Figure 26) over the speed ranges 
0©1 - 10; 10 - 100; 100 - 1,000; and 1,000 - 10,000 is 
approximately logrithmic as drawn© Hence the analysis is 
identical to that of Section 1©6©
The general equation of the lines is
Speed Factor for Wear XC = A
R.P.M.a
where A = Constant for each line • .
a = Slope of each line
Values of a are summarised in Appendix 2, Table 32©
from • log - log Ŷ  (base 10)
a ® --- — ---- -— —  ■
log X2 - log X1
To find values of A the Chart was divided into the sections 
about 10; 100 and 1,000 r.p.m. Figure 27 was plotted of XC for each
of these divisions and found to be lograthmic with a general equation.
D
xc*. ---------------------------------- d(Equivalent Running Time)
2 7
Values of d are summarised in Appendix 2, Table 33* 
For 10 r*p.m#
XC1 = D
EQRT0,5^
When EQBT = 1 hr. XC = 1.^5 
hence D = 1.^3
10 r*p#m* ...(1*23)
Similarly
100 r©p#m.
1,000 r«p.m
XC1 = 0.93/EQRT°*^^°
XC1 * = 0.61/EQRT0*-5-38
...(1.26)
...(1.27)
These equations allow the evaluation of D#For example, 
consider the speed range 0«1 - 10 r*p#m* From Table 32 
XC = D/R*P.M.° * 2
When R.P.M. = 
. D =
'l10, XC is calculated from equation 1©23
1 O PXC R.P.M.
XC1 100,2
1.585 XC1
FIG .28-SPEED FACTOR FOR WEAR
XC=A/RPM*H9 XC=a /r PM*«-I86
PRINT
x c
- 28 -
0#1 - 10 r.p.m.
Similarly 
10 - 100 r.p.m.
100 - 1000 r.p.m.
1000 - 10000 r.p.m.
1 . 5 8 5  X C 1
XC =
R.P.M. 0 , 2
XC =
1.55 X C 1
R.P.M. 0 , 1 9
XC =
3 . 6 2  X C 1
R.P.M. ° * 1 8 6
XC =
9. X C 1
R.P.M. ° - 5 1 8
••♦(1 .28)
•..(1.29)
...(1.30)
...(1.31)
Note: 10°*19 = 1.55 10000#186 = 3*62 1000*318 = 9.0
From the above equations the logic diagram (Figure 28) 
for Combined Speed Factor for Wear was drawn. Figures 25 and 28 
were combined to form programme 9 listed in Appendix 1. The 
programme first calculates the value of XB and XC for the pinion 
with M = 1• H is changed to 0 and the values of XB and XC for 
the wheel are calculated.
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FIG.29-PROGRAMME FOR SPEED FACTOR-WEAR
(FROM TABLE 35)
• 0 6
-  2 9  -
The programme was tested and the results listed as 
Appendix 2, Tables 3** and 35*
A typical set of data against calculated values is 
plotted as figure 29o
CHAPTER 2
OPTIMIZATION FOR SELECTION OF PITCH
APPENDIX C - B.S.S. h36
• 30 -
2*0 COMPUTER DO*-*LOOPS FOR VARIABLES
Chapter 1 lead to computer programmes for four variables 
from the horsepower equations. Six variables remain, namely Bending 
Stress Factor (Sb) and Surface Stress Factor (Sc) of the material; 
face width (F); Angle of Helix (l|)); number of teeth (T) and pitch 
(P). These six variables can be optimised by the use of computer 
DO-LOOPS from the rearranged horsepower equation detailed in the 
Introduction, Each variable is the subject of its own DO-LOOP, the 
loops being nested together to calculate four pitches.
The optimum design for a set of gears occurs when both 
pinion and wheel can transmit equal horsepower for wear and strength. 
As horsepower transmitted is a function of pitch, it follows that 
if the four calculated pitches are equal, the variables have been 
chosen to produce the optimum set of gears. The lowest of the 
four calculated is then compared with the standard pitches of 
Appendix C B.S.S. ^36#
Horsepower = f(_ : F)P ’
The programme selects the closest standard pitch, and 
then adjusts the face width to give the required transmission of 
horsepower.
31
Selection of the pitch dictates the size of the gears 
and hence the centre distance* The centre distance can be fixed 
between limits set by the designer* The pitch is based on 
standardisation in either the normal or transverse plane of the 
gear*
Helix angle can be varied between limits set by the 
designer. The choice of pinion and wheel materials available 
is large, but can be reduced to those acceptable to the designer* 
The choice of material has a large influence on cost and weight of 
the gears.
The selection of variables will be detailed in Chapter 2.
2 + 1 NON-GENERATION OF FRACTIONAL TEETH NUMBERS
The graphs of Chapter 1 are used by varying the number 
of teeth in the pinion and the wheel, to meet a certain gear ratio# 
The pinion teeth will be held to a whole number by the limits of 
a DO-LOOP* However, for fractional gear ratios, it is possible 
to generate fractional numbers of gear wheel teeth#
Programme 10 of Appendix 1, was written to test for 
fractional numbers of gear wheel teeth# The programme was tested 
and the results listed as Appendix 2 , Table 36#
-  3 2  -
-  3 3
2*2 MODIFICATIONS FOR VARYING HELIX ANGLES
and internal gears
Clause 56 of B,S.S* states that for the Zone Factor 
(Z) the following modifications shall be made*
56* (a) Helical Gears: The zone factor for helical gears with 30
helix angle shall be in accordance with Chart 7* For other
helix angles the zone factor obtained from Chart 7 shall be
pmultiplied by 0*73 sec IjJ , where IjJ is the helix angle*
©(b) Spur Gears; The zone factor for spur gears with 20 pressure 
angle shall be in accordance with Chart 8*
(c) Internal Gears: The zone factor for internal gears shall
be equal to that for the same combination of external teeth 
multiplied by + 1) / (R - where R is the Gear
Ratio* Strength Factor (Y) is modified as stated in clause
57*
57# (a) Helical Gears: The strength factor for helical gears with 
30 helix anglef 20° normal pressure angle, shall be in 
accordance with Chart 9» provided that the face width is 
sufficient to give overlap* For other helix angles the 
strength factor obtained from Chart 9 shall be multiplied 
by 1*33 cos2 W *
- 31* -
(b) Spur Gears: The strength factor for spur gears with 20°
opressure angle is the same as that for helical gears of 30 
helix angle^ and shall be in accordance with Chart 9#
(c) Internal Gears: The strength factor for the pinion gearing 
with an internal gear shall be the same as that for a pinion 
of the same number of teeth gearing with a rack«,
The strength factor for the internal gear shall be the same 
as that of a rack gearing.with a pinion having the same 
number of teeth as the actual pinion, multiplied by (1 + 3/T)
where T is the number of teeth in the internal gear# ’
Overlap in helical gears occurs wheh the face width (F) 
is greater than the axial pitch (pa)#
Now pa = TT
P tan Ij)
where P = diametral pitch 
l|) = helix angle
also F = Cf
P
where Cf = face width coefficient.
-F IG  30-CONVERSION OF CHART FACTORS
READ
Helix Angle V ( 0 °Spur  Gears);  INT  
Dummy Variable = 0  if in te rna l  
YP-YVV- Z • = I if externa I
' ' ’ I  "
( e x t e r n a l )
.......^ ............
M II M R * i )  
R- l  / 8
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for overlap (2.1)
Dudley ( 6) recommends that for significant advantage from 
overlapping of tooth engagement in helical gears, the face 
width should be greater than twice the axial pitch#
Controls entered into the programme, prevent insufficient 
overlap in helical gears# The logic diagram, Figure 3 0  
covers clauses 56 and 57# of B.S.S. k 3 & *
'The dummy variable INT is introduced to allow distinction 
between internal and external gears# For internal gears 
INT = 0 ;  for external gears INT = 1# The helix angle 
is 0 degrees for spur gears#
Programme 11 of Appendix 1 was developed from Figure 3 0, 
noting that;
0#75 sec2 0#9975
...(2 .2 )
1.33 cos2 U
Equation 2.2 covers clauses 56 (a) and 57 (a)
—  F I G .  31 -  SELECTION OF GEAR M ATER IAL-
2*3 SELECTION OF OPTIMUM GEAR MATERIAL
The number of gear materials that may be used is limited 
only by the size of the computer* However, the number of materials 
used by a manufacturer is usually limited by costs availability and 
machinability* For this programme the materials will be limited to 
six for the pinion and six for the wheel*
The horsepower equation has been rearranged as detailed in 
the introduction* Each material is compared in two nested DO-LOOPS 
to calculate four pitches* The minimum value of the four calculated 
pitches is retained, to be compared with the standard pitches*
The change in pitch from the calculated value to the 
standard, necessitates modification of the face width coefficient 
(Cf) if the horsepower transmission capacities are to be maintained*
- 36 -
...(2*3)
The logic diagram for the selection of the optimum gear 
material (Figure 31) was drawn and Programme 12, of Appendix 1
written
-  3 7
2 + k SELECTION OF SPECIFIED CENTRE DISTANCE
Normally it would be expected that if the centre distance 
of the gears was within certain limits, then the design would be 
satisfactory. These limits will be CMIN, the minimum centre 
distance and KCMAX, the maximum centre distance required. These 
will appear as input data in the programme.
However, the occasion sometimes arises when a pair of
gears are required to operate at a pre-determined centre distance.
Clause k 3 of B*S*S. details calculations for centre distance.
In order to obtain full involote action, to avoid undercutting when
oa pinion of a small number of teeth is in contact with a 20 basic ' 
rack, and to obtain better zone and strength factors, the addendum 
varies with the pitch and the numbers of teeth in the mating gears. 
The recommended values for the addendum are given by
Pinion addendum
Wheel addendum
a = 1 
PNORM
(1+Kp)
A = 1 (1+Kw)
PNORM
...(2 .* 0
...(2 .5 )
Where Kp and Kw are correction factors for the pinion and
the wheel respectively.
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NOTE : From clause 15 of B.S.S.
Pn = PNORM = TT/po Pn = normal diametral pitch
pn = normal pitch
(a) In the case when (TP + TW) sec^ IjJ >  60
then Kw = -Kp and the gears will mesh at a standard 
centre distance# From clauses k and 6 of B.S.S, kj>6 the pitch 
diameter (D) is the diameter of the pitch circle# The pitch 
circle is any transverse section of a pitch cylinder normal to 
the axis# Hence the pitch diameters of the gears are based on 
the transverse pitch (PTRAN) where;
Pitch diameter of the pinion (PDIAP) = TP/PTRAN 
Pitch diameter of the wheel (PDIAW) = TW/PTRAN
Standard centre Distance 
for external gears
(CENTA) = PDIAP + PDIAW
2
• •.(2#6)
(b) In the case where (TP + TW) sec 3 V —  60 then the centre
distance is extended by an amount A/PNORM, the value of A 
being obtained from Chart 13 B.S.S. ^36. 
with Kp = 0.02 (30 - TP sec3 ^ )
Kw = 0.02 (30 - TW sec3 lj) )
Chart 13 (Figure 32) is a plot of (Kp + Kw) against 
extension in centre distance A  . This was replotted on log - log
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PDI AP = TP/PT RAN ; PDIAW = TW PTRAN
KP = *02( 30- -TP*SEC) 
KW = *02( 30- -TW-SEC)
INTERNAL
A =  - S i a l K P t K W ) ' *
A = -89 5(.KP-t-KW)'945
CENTA PDI AP+ PDIAW A
PNORM CENTA=
PDIAW— PDIAP
OUTSIDE
RANGE
TRY
NEXT
COMBINATION
NSIDE RANGE 
CON TINUE
PTRAN ; PNORM
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paper as Figure 33» The line was divided into two parts about 
(Kp + Kw) = 0.5» The equation of the two lines are
0.0 - 0.5 A = 0,895 (Kp + Kw) ...(2.7)
0.5 -  0.8 A = 0.813 (Kp + Kw) 0,81
Using clauses if, 6 and 43 of B.S.S. 436
...(2.8)
CENTA = (PDIAP + PDIAW)/2. + A / PN0RM ...(2.9)
(c) For internal gears Kp = 0.4 irrespective of the number of 
teeth# Also Kw = - Kp and hence the gears run at normal 
centre distances#
CENTA s (PDIAW - PDIAP)/2. . . . ( 2 . 1 0 )
The logic diagram (Figure 3*0 was drawn for the selection 
of the specified centre distance, and programme 13 of Appendix 1 
compiled#
FIG 35-UNDERCUT OF TOOTH PROFILE -
Trochoidal
Undercut Circle
- ^0 -
2»5 SELECTION OF THE NUMBER OF PINION TEETH
In general, the more teeth a pinion has the quieter it 
will run and the better will be its resistance to wear* On the 
other hand, a smaller number of pinion teeth will give increased 
tooth strength, lower cutting costs, and larger tooth dimensions» 
In general low-ratio sets can stand more teeth than a high ratio*
For a given pressure angle and gear addendum, there is 
a minimum number of teeth to ensure that conjugate action is 
achieved* Roberts and Arnold (3 ) show
t . sec ,. mm uj = 2P a n
sin^ (jJ n
For British Standard Gears l|) n = 20 , a = 1
tm m
3sec l|J = 17*1
Pn
Thus conjugate action is obtained for British Standard 
Gears at standard setting provided that the pinion has at least 
17 teeth#
However, there is a further matter to consider, and this 
concerns the generation of the pinion teeth* Interference with the 
cutter can occur and the tooth will be undercut, the tooth profile 
within the base circle being trochoidal as shown in Figure 35*
- -
Although the undercut tooth in this case will not effect 
the conjugate action between the pinion and rack cutter, from a 
strength point of view the tooth will be weakened# However, it 
is the practice to radius the tip of the rack cutter and this 
avoids undercutting# Also to improve the strength of the teeth, 
it is customary to correct the tooth proportions*
Roberts and Arnold ( 3 ) show that to avoid undercut 
with a standard rack cutter,
t min = 2Pd
sin^ IJJ n
where t min = minimum number of teeth
P = diametral pitch
d = dedendum
= Pressure angle of cutter
For British Standard Gears
b = 1.25
—  V. - 20
p
t . = 2 2  teethm m
Appendix 2 , Table 37 ( 6 ) may be used as a general guide
for tooth numbers of spur and helical gears#
- kZ
NOTE: The number of teeth refers to an equivalent where a helical 
gear is equivalent to a spur gear having
3t . , . = t sec QJequivalent spur |
IjJ = helix angle
-  FIG 36-MULTIPLE CONTACT AND IDLER
GEARS —
W
The speed factors for strength and wear are based on an 
equivalent running time under uniform load conditions. Where the 
load is not uniform, it is necessary to calculate an equivalent 
running time at a uniform load which would have the same effect 
on the gears. The method for performing such calculations is 
outlined in clause 63 of B.S.S. ^36 •
The normal rating of a pair of gears is for 12 hours 
per day under the allowable continuous load. Provision is made 
in clause 67 of B.S.S. kjo for determining the momentary overload 
capacity of gears for strength and wear.
Idler gears, Winder Gears, Mine Haulage Gears and 
Automobile Gears require special attention for factors relating 
to their running time as determined by clauses 70 to 73 of 
B.S.S. 436.
The distinction between multiple contact (clause 6 9) 
and idler gears (clause 70) is shown in Figure 36. Case (a) 
shows gear B as the driver and it makes multiple contact with 
A and C. Bach tooth on B makes two contacts per revolution, 
but the resultant force always remains in the same direction 
relative to the tooth. In accordance with clause 69» the 
equivalent running time for gear B would be twice that for
- **3 -
2 »6 CALCULATION OF EQUIVALENT RUNNING TIME
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gears A and C« Doubling the running time results in only a 
small decrease in the appropriate speed factors«
A more arduous condition of service, as far as strength 
is concerned, occurs when gear A drives and B becomes an idler as 
in case (b)« Not only does B make multiple contact, but in 
transmitting torque from A to C, the resultant load on each tooth 
completely reverses in direction twice per revolution« To compen 
sate for this condition, it is specified in Clause 70 that the 
speed factor for strength should be half the normal value« 
However, for wear, the conditions of service are not so arduous 
and an idler gear can be calculated on the normal wear basis«
To cover the conditions of clauses 65 - 73 a control 
override IDLER in . the programme allows the designer to by pass 
the sub-routine for XB and XC* These values must be calculated 
and introduced to the programme in a read statement«
When IDLER = 1 the programme will calculate values of 
XB and XC« For special cases IDLER = 0, the values of XB and 
XC must be introduced into the programme«
Four pitches are calculated from the four horsepower 
equations* Optimum design is reached when these four pitches 
are equal, as this leads to equal horsepower transmission 
capacity of both pinion and wheel*
Spur gears are manufactured with cutters standard in the 
normal plane* However, if, helical gears are manufactured with 
standard hobs, a common practice, the normal pitch is standard*
It follows that the pitch in the transverse plane and also the 
pitch diameter will contain a decimal fraction. For example, 
suppose the number of teeth is 20, normal pitch is 6 and helix 
angle is 23 , then
Transverse pitch = 6 cos 23 = 5*523
Pitch diameter = 20/3*523 = 3*62 in*
If helical gears are produced on a shaper, shaper 
cutters for helical gears are based on the pitch in the trans­
verse plane*
Thus helical gears may have a normal pitch that is 
standard or a pitch in the transverse plane that is standard*
The lowest of the four calculated pitches is compared 
to the nearest standard pitch* This deviates from the optimum 
design* In the case of helical gears, the calculated pitch may 
be closest to either the normal or transverse pitch. For
2*7 SELECTION OF OPTIMUM PITCH
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optimum design, the closest value should be used, provided 
both methods of manufacture are available# A dummy variable 
PLANE has been introduced for the purpose of optimum selection#
It should be noted that from the introduction, the 
substitution of K = P in the horsepower equation causes all 
pitches calculated for helical gears to be transverse pitches#
For standardisation in the normal plane, the dummy variable 
PLANE = -1,, for the transverse plane PLANE =0#, and for the 
optimum design PLANE = 1• #
Appendix C of B.S.S. list 11*f standard pitches# 
However, the recommended number is ^7, which will be used in '
this programme# These pitches may be standard in either the 
transverse or normal plane, depending on the type of cutter 
employed#
Due to the approximate arithmetic progression of 
these pitches, programme 1*f of Appendix 1was written to gen­
erate values of standard pitch# The pitches generated by the 
programme are listed as Appendix 2, Table 3$#
The logic diagram, Figure 37 was drawn for the selection 
of the optimum pitch# The diagram is detailed as Appendix 1 
Programme 15, which was tested, the results are tabulated as 
Appendix 2, Table 39*
F I G . 3 8
— OPTIMUM DESIGN —
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2,8 COMBINATION OF SUB-ROUTINES
The combination of the programmes developed in chapters 
one and two is illustrated in Figure 38. The input data is 
summarised as
HP***.# Horsepower to be transmitted. Usually known to the 
designer*
R.....* Gear Ratio —  1. Usually known to the designer by the 
relationship between the input speed and the required 
output speed* Usually less than 10 for a single reduction* 
RPMP... Speed of pinion shaft in revs, per minute. Usually known
to the designer by the type of drive. The programme is '
designed so that the speed of the pinion must always be 
greater than or equal to the speed of the wheel - ie. 
f,step - down” gear box. "Step - up” gearboxes may be 
designed by considering the output shaft as an "equivalent 
input shaft” in this programme.
EQRTP.. Equivalent running time of the pinion in hours.
EQRTW*. Equivalent running time of the wheel in hours. Ref.
Sect» 2*6 for further detail.
IDLER.* Dummy variable for special cases of running time. Ref. 
Clauses 63 - 73 B.S.S. kj>6
IDLER = 1 for standard gears 
IDLER = 0 for special cases 
Number of pinion materials. Limited to a maximum of six
MW....
CMIN.*
CMAX.. 
NHMIN. 
NHMAX.
NSTEP.
NPMIN.
NPMAX.
MSTEP.
NCFIN.
NCFAX.
LSTEP.
in this programme#
Number of wheel materials. Max. number of 6. Ref. Section
2.3 for further detail.
Minimum centre distance of pinion and wheel. Usually known 
to the designer by space limitations.
Maximum centre distance of pinion and wheel.
Minimum helix angle*
o i °Maximum helix angle. Helix angle can vary from 0 to •
0 oHowever* angles of 15 to 30 are common.
Step increases in helix angle between NHMIN and NHMAX.
Must be an integer.
Minimum number of pinion teeth. B.S.S. kj6 graphs have a 
minimum of 10.
Maximum number of pinion teeth. This programme is limited 
to **0.
Step increases in number of pinion teeth. Must be an 
integer. Ref. Section 2.5#
Minimum face width coefficient CF.
Maximum face width coefficient. Varies between 8 to 12.5 
for spur gears and 19 to 38 for helical gears. Refer 
Introduction.
Step increase in face width coefficient. Must be an
integer.
INT.*.. Dummy variables for internal gears* Where INT = 0* 
For external gears INT = 1*
PLANE** Dummy variable for the plane of standardisation, 
depending upon the method of manufacture. Ref* Sect* 2*7 
PLANE = -1• Normal Plane 
PLANE = 0* Transverse Plane
PLANE =1. Optimum Design
SBP.••• Bending stress factor Sb of pinion material.
SBW.*.. Bending stress factor Sb of wheel material*
SCP...* Surface stress factor Sc of pinion material.
sew.*.* Surface stress factor Sc of pinion material. 
Ref* Appendix At B*S*S. ^36*
With this input, the programme (Appendix 1 Programme 16)
proceeds to calculate four pitches, and then the nearest standard 
pitch* If the required centre distance is achieved, the best 
combination is retained for further calculations of geometrical
proportions
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The example given previously and detailed in Table 1 
was examined with the aid of the programme* The helix angle . 
was varied between 15° and 25° ; the number of pinion teeth 
between 20 and 35; the face width coefficient between 23 
and 33* Increments of 3 were used for all variables* Three 
materials were tried for the pinion and three materials for 
the wheel*
The first material combination was that of a cast
iron pinion (S^ = 1023» = 58OO) with a case hardened forged
steel wheel (S = 9200, S, = ¿f0000)* The second combinationc b
was the materials used in the first example, namely an air 
hardened forged steel pinion (S^ = ¿f000, = 21300) and a
water hardened forged steel wheel (S = 2800, S, = 17000)#C D '
The last combination was that of a nickel-chromium-molybenum 
forged steel hardened and tempered pinion (S = 6000, S = A95OO)C D
and a cast iron wheel (S = 1025, = 5&00)* This lead to a
total number of combinations o f 3 x if x 3 x 3 x 3  = 32̂ f# The 
four pitches generated in each of these 32** combinations is 
listed as Appendix 2, Table ^0*
-  5 1
The nine combinations in order were 
1# Cast iron pinion with Hard Steel wheel 
2# Cast iron pinion with Cast Iron wheel 
3» Cast iron pinion with Medium Steel wheel 
4. Medium steel pinion with Hard Steel wheel 
5« Medium steel pinion with Cast Iron wheel 
6* Medium steel pinion with Medium Steel wheel 
7* Hard steel pinion v/ith Hard Steel wheel 
8* Hard steel pinion with Cast Iron wheel 
9# Hard steel pinion with Medium Steel v/heel
The "best” combination is found to be 23 pinion teeth, 
25° helix angle and 28 face width coefficient (compare with 30» 
20, 28) and a material combination as in the original example*
The four pitches for this example are 4.24, 2*23»
4*14 and 4* 16*
The example detailed in Table 1 listed the diametral 
pitches for pinion wear, (PPW), pinion strength (PPS), wheel wear 
(PWW) and v/heel strength (PWS) as 4*60, 4.66, 4*56 and 4.63 
respectively# The corresponding values as calculated by the 
computer v/ere 4.67» 4#67, 4.37 and 4.60. The difference in 
the values for pinion wear represents a 1.3 per cent error*
Appendix C of B.S.S. 436 lists 47 pitches varying from 
1/2 to 60* However, with the programme combinations, the pitch
SU
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varied from 2 to 7 or 10 per cent of the allowable range# This 
may explain why an experienced gear designer can estimate the 
pitch for a particular application of horsepower and speed#
The complete range of absolute differences between 
the four calculated pitches (Appendix 2 Table kO) is plotted 
as figure 39* The material combinations are as listed in 
Section 2*8* Material combinations two and six both form peaks, 
indicating that optimum design is not restricted to a particular 
combination# Combination one forms the widest band of errors 
due to the choice of a soft pinion and a hard wheel# This 
choice is contrary to the fundamental rules of gear design#
CHAPTER 3
GEOMETRY OF GEARS
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3»o gear proportions
In the previous sections a programme was developed which 
designs and selects the "best” gear materials and pitch for a 
particular application# To benefit from this information, the 
programme should tabulate sufficient information for the gears 
to be manufactured#
The present section details gears proportions as per 
B#S#S# Information calculated in the first part of the
programme (eg* number of pinion teeth, helix angle, face width 
coefficient, gear materials, and standard diametral pitch) is 
retained for further calculations*
Permissable errors and tolerances are determined in 
accordance with Part 5» B.S.S.
Gear proportions for the example detailed in Table 1 
were calculated and are listed in Appendix 2, Table 41*
3#1 a d d e n d u m, dedendum and centre distance
In order to obtain full involute action, to avoid 
undercutting when a pinion of a small number of teeth is in 
contact with a 20° basic rack, and to obtain better zone and 
strength factors, the addundum varies with the pitch and the 
numbers of teeth in. the mating gears# Clause ^3 of B#S#S# 
recommends values for the addendum (the height from the pitch 
circle to the tip of the tooth) as
Pinion addendum a = 1 (1+Kp)
PNORM
•#.(3.1)
Wheel addendum A = 1 (1+Kw)
PNORM
...(3.2)
Where Kp and Kw, the correction factors for pinion and 
wheel respectively, are determined from:-
(a) If (TP + TW) sec3 l|J >  60, then
Kp = O A  (1-TP/TW) 
or Kp = 0.02 (30-TP sec3 IjJ ) .
whichever is the greater, and Kw = - Kp
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(b) If (TP + TW) sec3 IjJ ^  60, then
Kp = 0.02 (30 - TP sec3 IfJ ) 
Kw = 0.02 (30 - TW sec3 (1) )
(c) For internal gears,
Kp = O.k 
Kw = - Kp
Note: To maintain the tip thickness if the number of teeth in
■zthe pinion is such that TP sec^ l|) is less than 17* the addendum 
is reduced by an amount 0*02 (17 - TP sec^ l|j ) / PNORM, the pitch 
and root diameters remaining unaltered#
The dedendum of B*S.S# gears is
Pinion dedendum
Wheel dedendum
b = 1.25
PNORM
B = 1.25
PNORM
•# . (3 .3 )
and is defined as the depth from the pitch circle to the root of 
the tooth*
Clause 2h of B.S.S. kj>6 defines the whole depth of tooth
space as the radial distance from the tips of the teeth to the 
circle passing through the bottom of the tooth spaces* Hence 
the whole depth of the teeth is the sum of the addendum and 
dedendum.
Addendum, dedendum and whole depth of teeth.calculations 
are listed in programme 16 between statement numbers 322 and 333*
Centre distance calculations were detailed in Section 2*4 
and are listed in programme 16 between statement numbers 305 and
-  56 -
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3*2 CUTTER - SETTING CORRECTIONS AND GEAR DIAMETERS
Hirschhorn (8) states that in Britain, the cutter - 
setting correction that have been adopted by the majority of 
gear manufactures as standard practice are identical with the 
Kp and Kw values detailed in clause ^3» B.S*S. ^36.
Cutter Correction Pinion A p  = Kp
PNORM
. . . (3 .5 )
Cutter Correction V/heel w = Kw
PNORM
. . .(3 *6 )
Clauses k and 6 define the pitch circle diameter as 
the diameter of any transverse section of a pitch cylinder 
normal to the axis*
Pitch Circle Diameter Pinion = TP/PTRAN 
Pitch Circle Diameter Wheel = TW/PTRAN
Pitch circle diameter is difficult to measure. How­
ever, the tip or blank diameter together with the root diameters 
give sufficient information to overcome this problem.
- 58 -
External gears
Tip or Blank Diameter = P.C*D# + 2 * Addendum
Root Diameter = Tip diameter - 2 * Whole depth of tooth
Internal gears:-
Tip Diameter Pinion = P#C.D. pinion + 2 * Addendum 
Tip Diameter Wheel = P*C#D* wheel - 2 * Addendum 
Root Diameter Pinion = Tip diameter - 2 * 'Whole depth of tooth 
Root Diameter Wheel = Tip diameter + 2 * Whole depth of tooth
Cutter - Settings and gear diameters are listed in 
Programme 1 6 between statement numbers 333 and 333*
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3+3 BOTTOM CLEARANCE AND RUNNING PRESSURE ANGLE
An important calculation to check the geometry of gears 
is that of bottom clearance. This must be a positive value if 
the gears are to rotate# For external gears the bottom clearance 
is the difference between the meshing centre distance and the 
sum of the root radius of one gear and the tip radius of the other# 
For external gears the bottom clearance is the difference between 
the root radius of the wheel and the sura of the tip radius of the 
pinion and the meshing centre distance#
When two gears mesh at extended centre distance, the 
running pressure angle becomes greater than the standard cutter 
pressure angle# Section 2#k showed that all gears mesh at a 
standard centre distance except when
(TP + T1V) sec5 U <  60 ...(3.7)
In this case Roberts and Arnold ( 3 ) show that
cos iJ tr == C cos 1|J tc
Cr
•••(3»S)
where l(J tr = running pressure angle in transverse plane 
Id tc = cutter pressure angle in transverse plane
60 -
and
C » standard centre distance
Cr = running centre distance
i|l tc = tan ~ (tan l|j c sec l|J )
In Fortran computer language there is no direct facility 
for finding angles unless their tangent values are known*
„ . 2 .now 1 + tan l|J tr = sec lJ) tr
From equations 3.8 and 3*9
♦..(3*9)
...(3.10)
Bottom clearance and running pressure angle are listed 
in programme 16 between statement numbers 333 and 337.
-FIG. 40 -  CALCULATION OF TOOTH THICKNESS-
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3 A  TIP WIDTH OF TEETH
The tip width of teeth is a dimension that can be 
easily checked by the machinist, and hence should be included 
in the machining table of the gear geometry. Hirschhorn (8) 
shows that the tip width can be calculated from Figure kO and 
equation 3*11
ts = (tc + 2 Ac tan I|Jc) cos IjJ c - 2rb (inv (j) s- inv IjJ c)
cos (j) s cos(J)s
where
now
...(3.11)
ts = tooth thickness on radius rs
tc
A c
l|J c
(j) s
rb
rb =
standard tooth thickness at P.C.D.
cutter setting correction
cutter pressure angle
flank angle on radius rs
base circle radius
rc cos IjJ c ( l|j c = 20°)
= P.C.D. * 0.9397
rb = O.V? P.C.D ...(3*12)
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tc = T T
2 PTRAN
1.571
tc =
PTRAN
From equations 3*11» 3*12 and 3.13
•••(3.13)
...(3.1*0
From Figure *f0
cos ( J )  s rb
rs
cos 0A? P.C.D.
TIP DIAMETER/2
...(3.15)
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However, to calculate the value of involute (D s, 
the value of (b s must be known.
1 + tan2 <) s = sec^ (b
5 and 3.16
...(3.16)
tan (J) s 3/ TIP DIAM3T3B
l£>.9̂  P.C.D.
- 1 ...(3.17)
Using equation 3*17* the tip width of the gear teeth 
can be calculated from equation 3*^* This is detailed in 
programme 16 between statement numbers 337 and 338«
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3*5 CONSTANT CHORD, FACE WIDTH AND VELOCITIES
Because the cutting pitch circle and the nominal pitch 
line are theoretical lines that do not appear physically on the 
gear blank and the cutter respectively, they cannot be used as 
data for the adjustment of the required cutter setting. 
Consequently, the designer must supply particulars of some 
relevant, physically measurable, dimensions of the gear, such 
as the outside diameter of the blank, and the position and length 
of the 1 constant chord*, ie•, the position and length of the line 
joining the two points of contact of the gear tooth and the rack 
cutter in the symmetrical position*
When the gear is being manufactured, a special-purpose 
vernier gauge is adjusted to the specified dimensions and the 
cutter is progressively fed in radially until the proportions 
of the generated teeth agree with the gauge settings. Hirschhorn 
(8) shows that for a 20° cutter.
Constant-chord length = 1*387 + 0.6^3 ( Ac)
PTBÄN
Constant-chord height = 0.7^76 + O.883 (Z\c)
PT5AN
...(3.18)
Equation 3*^8 must be modified for internal gears.
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Section 2*3 showed that the face width coefficient 
must be adjusted to compensate for the adjustment of pitch* 
The modification is detailed in equation 2*3* To allow for 
any misalignment of the gears, the pinion width should be 
slightly greater than that of the wheel*
Pitch line velocity determines the class of gear to 
be machined, and hence the Tolerances.
Velocity = J Y  ( P*C.D.) (3.F.M.) ft/min
12
Velocity = 0.2bl8 (F.C.D.) (H.P.M.) ...(3.19)
Constant Chord, Face Tidth and pitch line velocity 
are detailed in programme 16 between statement numbers 338 and 339«
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3.6 TOLERANCES
The tolerances are based on Part 5 of B.S.S. 436, 
incorporating clauses 43, 46 and 47. The Tolerance factor 
is from clause 43«
£  = (TW + 60)+ 1
10 PTPAN
. . .(3.20)
The tolerances can be divided into two parts based on 
Tables 2 and 3 of B.S.S. 436.
Part 1: Class A1 ; A2 and B
Part 2: Class C and internal gears
From clause 1 the division between classes B and C 
is approximately 1000 ft/min for peripheral speeds.
PERMISSIBLE ERRORS AND TOLERANCES
Class A1 , A2 and B Class C + Internal Gears
Circular Pitch 
(Clause 32)
-  0.15 S + 0.75 - 0.^5 & + 2.25
Profile Error 
(Clause 34) -
+ 0.0000 
- 3 ftran/ tt
+ 0.0000 - 6/ptran
Tooth Thickness 
(Clause 46)
- 4 & COS y
- § COS ^
- 3 S cos If)
- &  COS (jj
Centre Distance 
(Clause 47)
( T
+ 0.25 C + 1.73 
- 0.0000 + 0.23 Cr + 1.73 - 0.0000
(Tolerances expressed in thousandths of an inch}.
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Tolerances are detailed in programme 16 between 
statements 339 and 3^2*
CHAPTER ^
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4#0 SUMMARY OF CONCLUSIONS
1• The modern high speed digital computer provides an
efficient tool for the elimination of all assumptions in gear 
design# The example presented is the ?,bestH of a large number 
of possible solutions, and was computed in approximately 90 secs#
2# The gear programme has been developed to suit any
particular combination of variables that a gear designer may 
require# The advantage of tabulated machining data enhances its 
value#
3* The word f,bestH has been used throughout this report
with some hesitation# The present method of optimization is 
to select the four calculated pitches which are closest together, 
the lowest of which is taken to the nearest standard pitch# The 
face width coefficient is then altered to compensate for this 
change in pitch, hence introducing a small error#
Another alternative for optimization would be to select 
four pitches which are fairly close together, the lowest of which 
is very close to a standard pitch. Here the error would be in 
the differences between the four calculated values# Some search 
technique could be carried out to determine which error was the 
least# For example the programme selected pitches of 4.24, 4.24£, 
4#15, 4#l4f the nearest standard pitch being 4.00# However, when
69
C F f TP, ANGLE were 28, 35 and 15 respectively, the calculated 
pitches were 5 *0 6, 5 *0 8, 4*99 and ^■•97* the nearest standard pitch 
being 3*00#
The present programme provides a method for design to 
fixed centre distances« However, it is not recommended for this 
purpose as a better method exists«
The method detailed by Roberts and Arnold could be 
programmed using the graphs which have been developed in this 
report«
5« Further research into the method of optimization is
required« The present programme far exceeds any longhand 
method available, but could be further improved« Some search 
routine should be developed to look for correct combination, 
in lieu of the present method of calculating all combinations 
and then selecting the "best"«
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C C 
1 
3
3
6
13
16
17
20
22
23
26
28
31
33
35
PROGRAMME 1
POLYNOMINAL APPROXIMATION R. DAVEY
DIMENSION X(100)9Y(100)*W(21)sZ(11) IAO! ) 9B( 11,12)
READ,M,N
READ,(X(I),I=1,N)5(Y(I).I=1,N)
lw = h * m + i
LB=M+2
LZ=M+1 ‘
DO 3 J=2 9LW 
W(J)=0
W(1 )=N .
DO 6 J—'] <jLZ 
Z(J)=0 *
DO 16 1=1 ,N 
P=1
Z(I)=Z(1)+Y(I) .
DO 13 J=2 5 LZ 
P=X(l)*F
W(J)=W(J)+P .
Z(J)=Z(J)+Y(I)*P
DO 16 J=LB,LW
P=X(I)*P
W(J)=W(J)+P
DO 20 1=1,LZ
DO 20 K=1,LZ
J=K+1
B(K, I ) =W(J-1 )
DO 22 K=1,LZ 
B(K,LB)=Z(K)
DO 31 L=1,LZ
d i v b =b { l , l )
DO 2.6 J=L, LB
B(L,J)=B(L,J)/DIVB
IJ=L+1
IF(IJ-LB)28,33,33 
DO 31 I=IJ,LZ 
FMULT=B(I,L)
DO 31 J=L,LB
B(I, J)=B(I, J)-B(L, J)*FHTJLT 
A(LZ)=B(LZ,LB)
I=LZ 
SIGMA=0 
DO 37 J=x,LZ
. . / 2
7 3
ko
41
kz
k3
kk
k5
k6
3 7
PROGRAMME 1 (Cont.)
SIGMA=SIGMA+B(I-1 ,J)*A(J)
1=1-1
A(I)=B(I,LB)-SIGMA 
IF( 1-1 ) 4-1,4-1,35 
PRINT,(A(I),1=1,LZ)
PRINT kZ
FORMAT(53H DATA VALUE X DATA VALUE Y PERCENTAGE)
DO k3 1=1,N
C=0
DO 4-3 J=2,LZ 
AJ=J
C=C+A(J)*X(I)**(AJ-1 )
D=A(1 )
CAL=D+C
DIFF=Y(I)-CAL
ERROR=(DIFF/CAL)* 100„
PRINT 44,X(I),Y(I),CAL,ERROR
f o r m a t(ei3.6,ixei3.6,ixei3.6,ixei3.6//)
CONTINUE 
PRINT 46,M,N
FORMAT (5X1OHX TO POWER,IJ,2X4HÏÏITH,
14,2X11H DATA VALUES)
GO TO 1 
END.
PROGRAME 2
Z CHART 7 CONVERSION 
PRINT 1
FORMAT(24H TP R Z TW**1.8/Z) 
DIMENSION Z (13)
READ,R, (Z(1 ),1=1,13)
TP=10.
DO 3 1=1,11 
T'.V=TP*R
Z0NK=T3**1.8/Z(l)
PRINT 2,TP,R,S(I),ZONS­
FORMAT (F6.0,F4.1,F5„1,f 6.0) 
TP=TP+2.
TP=TP-2.
DO 4 1=12,13 
TP=TP+5.
ZONE=(TP*R)**1.8/Z(l)
PRINT 2,TP,R,Z(l),ZONE 
GO TO 99
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PROGRAMME 3
C C Z HEL 30 DEG CHART 7 R.DAVEY
71 PRINT 72
7 2  FORMAT (38HPINION TEETH GEAR TEETH Z 30  DEG HEL)
73 READ, TP,R 
TW=TP*R
I F ( R - 1 . 4 ) 7 6 , 7 6 ,  74
74 I F ( 7 » - R ) 7 3 , 7 7 , 7 7
75 IF(9.-R)78,76,76
76 z=TW**0.27*TP**0.55/6.3 
GO TO 79
7 7  z=Tï/**0 . 2 7 * T P * * 0 . 63/ 7 . 5  
GO TO 79
78 Z=TW**0o27*TP**0.59/7»7
79 PRINT 80, TP,TY/,Z
80 FORMAT (F 7.0 ,9X F 4 .0 ,8 X F 6.2 )
IF(TP-40.)75,71,80
END '
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c c
81
82
83
84
8586
87
88
89
90
91
PROGRAMME 4
Z SPUR GEARS CHART 8 R.DAVEY 
PRINT 82
FORMAT(38HPINION TEETH GEAR TEETH Z SPUR GEARS)
READ,TP,R
TW=TP*R
IF(R-1 .3)84,84,85 
Z=TW**0.11*TP**0.59/5.31 
GO TO 90
IF(R-2.5)86,86,87 
Z=TW* * 0.11*TP* *0.69/6*7
GO TO 90
IF(R-4.5)88,89,89 
Z=T\V**o.11*TP* *0.79/8.4 
GO TO 90
Z=TW**0.11*TP**0.83/9.5
PRINT 91,TP,TU,Z
FORMAT(F7.0,9XF4.0,8XF6.2)
IF(TP-40.)83,81,91 
END
PROGRAMME g
Y CHART 9 R.DAVEY 
PUNCH 1
FORMAT(2^H TP R Y TW**2/YVV) 
DIMENSION Y(13)
READ,R,(Y(1),1=1,13)
TP=10.
DO 3 1=1 , 11  
STREN=(TP*R)**2./Y(1)
PUNCH 2,TP,R,Y(1),3TREN
F0RMAT(F^.0,F4.0,F5.3,F10.0)
TP=TP+2o
TP=TP-2.
DO k 1=12,13
TP=TP+5 oSTREN=(TP*R)**2./Y(1)
PUNCH 2,TP,R,Y(1),STREN
IF(TP-40.)1,5»1 
END
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PROGRAMME 6
C C Y WHEEL R.DAVEY
70 PUNCH 71
71 FORMAT(33HPINION TEETH GEAR TEETH Y WHEEL)
72 READ,TP,R 
TW=TP*R
IF(R-2.>73,73,7^
73 CCNST=639.*R**2.11 
G0T090
7k C0NST=716.*R**1.94
90 IF(TP-20„)75,86,82
75 IF(R-2.)81,81,76
76 IF(R-3<A)80,80,77
77 IF(R-7.5)78,78,91
78 X=1.70 
GO TO 87
91 X=1«76-„008*R 
C-0 TO 87
80 X=2«ir1 - .2 1 *R 
GO TO 87
81 X=1.59-r.2*R 
GO TO 87
82 IF(R-2o1 )8^,8it,83
83 IF(R-5.3)85,85,79
79 X=1o75 
GOTO87
8k X=2.17-«2it*R
GOTO87
85 X=1 e62+.02^*R 
GOTO87
86 YW=TW* *2./CONST 
GOTO88
87 A=C0NST/20.**X 
yw=tv;**2./(a *tp**x )
88 PUi.'CH89, tp , tv; , yv;
89 FORM AT (F7.0,10XFif o 0,7XFif. 3) 
IF(TP-RO.)72,70,89
END ”
VJ1
 O
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PROGRAMME 7
Y CHART 9 R. DAVEY 
PUNCH 1
FORMAT(22H TP R Y TP**2/Y) 
DIMENSION Y (13)
READ,R,(Y(1),1 = 1,13)
TP=10
DO 3 1=1,11 
STREN=TP**2o/Y(1)
PUNCH 2,TP,R,Y(1 ),STREN
2 F0RMAT(Fiu0,Fil.0,F5.3,F8.0)
3 TP=TP+2.
TP=TP-2.
DO k 1=12,13 
TP=TP+5oSTREN=TP**2./Y(1) 
k PUNCH 2,TP,R,Y(1),STREN
IF(TP-ifO.)l ,5,1 
END
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PROGRAMME 8
C C Y PINION CHART 9 R.DAVEY
40 PUNCH 41
41 FORMAT(34HPINI0N TEETH GEAR TEETH
42 READ,TP,R
TW=TP*R .
IF(R-4.>60,44,44
60 IF(R-2.>61,43,43
61 i f(30.-t p )62,62,43
62 C0NST=1440./R* *0.228 
X=1.63+0.07*R 
A=C0NST/30.»*X
GO TO 63
43 CONST=637 o/R * * 0 o 097 
GO TO 45
44 const=599„/r **0.051
45 IF(TP-20.>46,53,49
46 IF(R-4.>47,48,48
47 X=1.85-0.05*R 
GO TO 52
48 X=1.65 
GO TO 52
49 IF(R-2.)50,51,51
50 X=2.21-0.22*R 
GO TO 52
51 IF(R-3.4>56,57,57
56 X=1.77 
GO TO 52
57 IF(R-7.>58,58,59
58 X=1 . 8
GO TO 52
59 X=1 .81
52 A=C0NST/20.**X
63 YP=TP**(2.-X>/A 
GO TO 54
53 YP=400./C0NST
5 f̂ PUNCH 55,TP,TW,YP
55 F0RMAT(F7„0,10XF4.0,7XF4.3)
IF(TP- 40.>42,40,55 
END
Y PINION)
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PROGRAMME 9
C C  XB CHART 10 XC CHART 11 R.DAVEY 
PRINT 1
1 FORMATÍ53H RPMP RPMW EQRTP EQRTW XCP XCW XBP XBW//)
2 READ,RPMP,R.EQRTP,FQRTW 
RPMW=RPMP/R
M=1 ’
RPM=RPMP
EQRT=EQRTP
99 IF(RPM-100„)3,9,6
3 xb=o „8/e q r t* *o„135
XC=1 oi!-5/EQRT*tO„3if 
IF(RPM-10o)%,10o5
k B=XB*1„2A
XB=B/RPM‘S * 0. 093 
A=XCî1 c585 
XC=A/RPM * * 0 0 2
GO TO 10 ;
5 B=XB*1c38 
XB=B/RPK**0.1¿J
•A=XC*1 c55 .
XC=A/RPM* * Oo19 .
GO TO 10
6 XB=0.39/EQRT**0„1^6 
XC=0„6l /EQRT* * O.338 
IF(RPM-1000.)7,10,8
7 B=XB*3<>^7 
XB=B/RPM**0.18 
A=XC*3c62
xc=a/r p m**o .i86
GO TO 10
8 b=x b*8o5
XB=B/RPM**0.31
A=XC*9o
XC=A/RPM**0.318 
GO TO 10
9 XB=0c61/EQRT**0.1W  
XC=0.93/EQRT**0.336
10 IF(M)2513s11
11 XCP=XC 
XBP=XB 
M=0
RPM=RPMW
EQRT=EQRTW '
GO TO 99
*=• 82
PROGRAMME (Cont*)
13 XCW=XC
XBW=XB
PRINT 1b g RPMPoRPMW,FQRTP,FQRTW9XCP,XCW,XBP,XBW 
lb FORMAT(F8o2,F8e2„F7o21>F702iF7o29F7<>2oF7o2sF7o2)
GO TO 2
END
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PROGRAMME 10
C C INTEGER R DAVEY 
PRINT 1
1 FORMAT(28HINTEGER FRACTION TP R) 
6 READ,TP,R
TW=TP*R
N=TW
A=N
IF(A-TW)if,2,4
2 PRINT 3,Tn,TP,R
3 F0RMAT(F6.1,15^F^.0,F6.3)
GO TO 6
4 PRINT 5,TW,TP,R
5 F0RMAT(10XF8.3,F7.0,F6.3)
GO TO 6
END
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PROGP-AMMS 11
C C CHART CONVERSION R.DAVSY
100 READ,ANGLE,YP,YW,Z,INT 
RANG=ANGLE/57.29578 
i f(a n g l e)i o i,103,101
1 0 1 IF(ANGLE-30.>102,103,102
102 A=1.33*(C0SF(3ANG))**2. YP=YP*A
YW=YW*A
Z=Z*0,9975/A
103 IF(INT)105,104,105104 Z=Z*((R+1„)/(R-1.))**0.8 
YW=YW*(l.+3 «/TW)
1 0 5 GO TO 100 
2ND
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PROGRAMME 12
C C GEAR MATERIAL R. DAVEY 
119 READ,XBP,XBW,YP,YW,Z,RPMP,TP,CF,MM,NN 
DIMENSION SBP(6), SBW(6),SCP(6),SCW(6) 
DO 115,1=1,MM
115 READ,SBP(I),SCP(I)
DO 116,J=1,NN
116 READ,SBW(J),SOW(J)
GAMMA=(12Ô000.* HP)/(CF* RPM* TP)
A=((XBP*YP)/GAMMA)* *(1./3.)
B=((XBW * YW)/GAMMA)* *(1./3•)
C=((XCP* Z)/GAMMA)* *(1,/2.8)
D=((XCW * Z)/GAMMA)* *(1,/2.8)
DO 118 1=1,MM
PPS(I)=A*SBP(l)**(l./3„)
PPW(l)=C*SCP(I)**(l./2.8)
DO 118 J=1,N
PWS CJ)=B*SBW(J)**(l./3.)
p w w (j )=d *s c w(j )**(i ./2.8)
P(1 )=PPS(I)
P(2)=PPW(I)
P(3)=PWS(J)
P(4)=PWW(J)
PMIN=P(1) ■
DO 118 K=1,^
IF(PMIN-P(K))118,118,122 
122 PMIN=P(K)
PRINT,PPS(I ),PPW(I),PWS(J),PWW C J),PMIN 
118 CONTINUE 
END
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PROGRAMME 13
C C CENTRE DISTANCE R. DAVEY 
118 READ,PTRAN,PNORM,TP,TW,INT,RANG,CMIN,CMAX 
Ikk PDIAP=TP/PTRAN 
PDIAW=TW/PTRAN 
IF(INT)316,316,31O
310 SSC=1./(COSF(RANG))**3. 
IF((TP+TW)*SEC-60.)311,311,315
311 KP=.02*(30.-TP*SEC)
KW=.02*(30.-TW*SEC)
IFCKP+KW-.5)312,312,313
312 DSLTA= .895* (KP+KiV ) * * • 9^5 
GO TO 31^
313 DELTA=.813* (KP+Klï )** .81
31 if CENTA= ( PDI AP+PDIAW ) /2. +DSLTA/PNORM 
GO TO 317
315 CENTA=(PDIAP+PDIAW)/2.
GO TO 317
316 CENTA= (PDIA'.V-PDIAP )/2»
317 IF(CMIN-CENTA)318,318,118
318 IF(CMAX-CEMTA)118,319,125,125
319 CONTINUE
PRINT,CMIN,CMAX,CENTA
GO TO 118
END
PROGRAMMS 14
C C SELECTION OF PITCH R. DAVEY
dimsnsiondp(47)
C GENERATE STANDARD PITCHES 
A= .25
DO 3OO 1=1 ,11  
DP(l)=A+.25 
A=DP(I)
300 CONTINUS
DO 301 1=13,29 
DP(I)=A+1 .
A=DP(I)
301 CONTINUE
DO 302 1=30,31
DP(l)=A+2o
A=DP(I)
302 CONTINUE
DO 303 1=33,45 
DP(I)=A+2.
A=DP(I)
303 CONTINUE 
DF(12)=DP(i6)/2.
DP ( 32 ) = DP ( 45 )/2 . 
DP(46)=DP(34)*2. 
DP(47)=DP(35)*2,
PRINT 304, (DP(I),I=1,47) 
FORMAT(9F7.2)
END
304
-  88 -
- PROGRAMME 15
C C SELECTION OF PITCH R. DAVEY 
DIMENSION DP (it?)
READ,(DP(I),I=1,4 7)
130 READ,PMIN,PLANE,ANGLE 
RANG=ANGLE/57.296 
ERRN=100.
ERRT=100.
MMM=0
IF(PLANE)132,137»132
132 PP=PMIN/C03F(RANG)
DO 13if 1=1, if?
IF(ERRN-ABSF(DP(I)-PP))134 » 13^,133
133 ERRN=ABSF(DP(l)-PP)
PN=DP(I)
134 CONTINUE 
IF(PLANE)142,145,136
136 MMM=1
137 DO 139 1=1,4?
IF(ERRT-ABSF(DP(I)-PMIN))139,139,138
138 ERRT=ABSF(DP(I)-PMIN)
PT=DP(I)
139 CONTINUE 
IF(MMM)145,143,140
140 IF(ERRN-SRRT)142,142,143
142 PNORM=PN 
PTRAN=PNORM* COSF(RANG)
GO TO 144
143 PTRAN=PT 
PNORM=PTRAN/COSF(RANG)
144 PRINT 145,PN0RM,PTRAN, PMIN,PLANE,ANGLE
145 F0RMAT(3(F7.2),F5.0,F7.0)
GO TO 130
END
PROGRAM GEARBOX - PROGRAMME 16
DIMENSION 3 8P { 5 )  ,SCP( 6 ) , S 8 W( 6 > , SCN<6 > , DP ( i f  7) 9P I k )
DIMENSION PPS ( 6 ) ,PWS« 6 ) ,PHM« 6 ) , PPW ( 6 )
IPA GE = 0
201 REAOC60,202)HP,R,RPHP,EaRTP,EQRTW,MP,NW,CHIN,CMAX,NHMIN,NHMAX,  
XMSTEP
2  0 2  F C R M A T « F 6 . 1 , F 3 . i , F 5 , i , 2 F * * . i , I l , i 2 , 2 F i » . i , I 2 , I 3 , I 2 >
REA 0160 , 2 0 3 ) MPMXN,NPHAX,MSTEP,NCFIN, NCFAX,LSTEP, INT , PLANE , IDLER  
203 FORMAT« 213 ,  1 2 , 2 1 3 , 2 1 2,F«f .  1 , 1 1 )
0 0  2 0 *j 1 1 = 1  ,HP
2 0 ** READ (60 * 2D 5)  S*3P i l l )  , SCP( I T )
205 FORMAT«2F7* 1 )
00 206 J = i , MW
206 READ!60* 2 0 7 ) S8W( J ) , SCW< J)
207 FORMATC2F7»!)
DIF F= 99999«
OT=1 . /3o
OS=1 * 72 o 8 
PRINT 208
2  08 FORM AT( 1H1,5*i-He « e PPS« « • « « PPM........... PWS• « „ • . PW W• • • .  OIFF 9 * * «CF« , TPa ANG
XLE/3  
A = . 2 5
DO 209 1 = 1 , 1 1  
OP 11) =A<- ©25 
A=D PCI)
D P < I ) =A * i©
A=D P C T)
209 CONTINUE .
DO 210 1 = 13 , 2 9
210 CONTINUE
00 211 1 = 3 0 , 3 1  
DPC I )=A *  2«
. A=D PCI )
211 CONTINUE
DO 212 1 = 3 3 , k 5  
OPt I )=A+2©
A =0 P CI)
212 CONTINUE '
DPI 1 2 ) = DP(1 6 ) /2©
DP« 3 2 ) - O P ( * *5 ) f Z •
DP( *i6 > = 0P<3**>*2 .
DPI **7)=OPi  35) *2©
I F t  IDLER> 2 1 5 , 2 1 3 , 2 1 5
213 REA DC 6 0 , 2 1 ^ ) XCP,X8P,XCW,XBW 
21k  FORMATt^F6 o 3)
GO TO 227
215 RPMW=RPMP/R ’ 
M = 1
RPM=RPMP 
EQRT=EQRTP
216 I  Ft RPM*» 100« ) 2 1 7 , 2 2 3 ,  220 %
217 XB=0©8 / E Q R T * * 0 . 135  
X C = i .A 5 / £Q R T * * 0© 3A  
I F ( R p M - 1 0 . ) 2 1 8 , 2 2 k 9219
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218  3 = X S * 1 . 2 V
X3= B/RPH**(T« 0 93 
A=XC*io585 
XC= A/PPM**0;.2 
GO TO 224
219 8 =X 9JM  o39  
X O = Q /P P M * *G . 1 4  
A=X C*l®55
XC= A / F P M * * ( U ' i 9  
GO TO 224
2 2 0  X3=Q’o 39 /EQRT** 'Q  » 146  
X C = 0 o 6 1 / F Q R T * * Q .  333  
I F t P P M - lO O O «  ) 2 2 1 * 2 2 4 * 2 2 2
221 B=X'9*3o 47
XB= B /  RP M *  *  9 . 1 8  
A=X C*3© 62  
X C = A /R P M * * 0© 18 6  
GO TO 22**
222 3-X0*8©5
X 3= 8 / R PM * *  9 . 3 1  
A=XC*9e
X C = A / R P M * * a ©313  
GO TO 2 2 4
223 X 3 = 0 . 6 1 / E Q R T * * 0 . i * f 4
XC= 0 « 93/EQRT © 336
224 I F (  M) 2 0 1 * 2 2 6 , 2 2 5
225 XCP=XC  
X6 P =XB 
M = 0
RPM =RpMW 
EQRT=EQRTW 
GO TO 2 1 6
226 XCH=XC •
X BW = X 3
227 I FC NHMAX)22 9 * 2 2  8  * 229
228 ANGLE=0»
GO TO 230
229 DO 316  NHEL=NHMINfNHMAX,NSTEP  
ANGLE=NHEL
230 RAM G=ANGLE /57« 295  78 
COS FR=C03F(RANG)
00  3 1 6  NCF=NCF IN *NCFAX ,LSTFP  
CF-MCF
I F Í  ANOLE> 2 3 1 * 2 3 2 * 2 3 1
231  I F <  C F - 3 *  142 * GOS F ( RANG) /  S IN F (R A N G ) )  316 *  316  * 2 32
232 DO 316  NTP=NP r t IN f NPMAX,MSTEP  
TP= NTP
TW=TP*R
n t w =t w
a t w - n t w
Î FC ATW-TW) 3 1 6  * 2 3 3 * 3 1 6
233 I F  < ANGLE )2 3 4 *  240 * 234
234 IFt R-1«4)237*238* 235
235 I F <  7 * -R >  236  * . 2 38 *238
2 3 6  I F I 9 . - R ) 2 3 9 , 2 3 7 , 2 3 7
2 3 7  Z=T W * * Û . 2 7 * T P * * 0 . 5 5 / 6 . 3  
GO TO ZL\7
2 3 3  Z ~ T W * * 0 . 2 7 * T P * * 0 . 6 3 / 7 . 5
GO TO 2 h i
2 3 9  Z=T l i * * ö , 2 7 * T P * * Ö *  5 9 / 7 * 7  
GO TO Z h l
2 * * 0  I F C R ~ i * 3 ) 2 ^ 1 , 2 ^ 3 , 2 ^ 2  
2*>i Z = T H * * Q * 1 1 * T P * * 0 « 5 9 / 5 . 3 1  
GO TO 2 h i
2 h 2 I FC R - 2 . 5 > 2 ^ 3 , 2 ^ 5 , 2 M »
2 ^ 3  Z = T H * * 0 . 1 1 * T P * * 0 . 6 9 / 6 . 7  
GO TO 2 ^ 7  ..
2 ^  IFC R~¿*o5)2¿>5,2**6 ,2¿*6  
2**5 Z = T W * * 0 .  1 1 * T P * * G . 7 9 / 3 . * *  
GO TO 2 ^ 7
2¿*6 Z = T W * * f l o l l * T P * * 0 *  8 3 / 9 * 2 5  
2**7 I F Í R - ^ * í  24-8 , 2 5 2 , 2 5 2  
2%8 I F < R« 2 • > 2 V9 ,  2 51 , 2 51  
249  IFC 3 0 ® - T P ) 2 5 0 , 2 5 Q , 251  
25ö  C Q N S T = i ^ û *  / R * * ö o 2 2 8  
X =1 * 6  3^ 0 « 8 7 *  R 
Â=C OHST/30  e * * X  
GO TO 2 6 5
251 CONST = 6 3 7 * / R * * 0  « 097  
GO TO 253
252 CONST= 5 9 9 . / R * * 0 . 0 5 1
253  Î F I  T P - 2 0 o ) 2 5 ^ 9  2 6 6  ?257  
25¿f I FC  R-^© ) 2 5 5 , 2 5 6 , 2  56
255  X = i  . 8 5 - 0 * G 5 * R  
GO TO 2 6 ^
2 56  X = 1 . 6 5
GO TO 2 5 ^
257  I F Í R - 2 . ) 2 5 8 , 2 5 9 , 2 5 9
258  X = 2 • 2 l - Q  © 2 2 *R  
GO TO 2 6 ^
259 IFC R—3*£f) 260,261,261
260 X = 1 . 7 7
GO TO 2 6 ^
261 I F C R - 7 * } 2 6 2 , 2 6 2 , 2 6 3  
2 62 X - 1  « 8
GO TO 2 S k  
263 X=1 «81  
2 6 ^  A = C O N * T / 2 ü . * * X
265  Yp= T P * * ( 2© - X ) / A  
GO TO 267
266  YP= ^ 0 0 ©/CONST
267  I F C P - 2 © * 2 6 3 , 2 6 5 , 2 6 9
268  CON ST =63 9© *  R * * 2  © î  Î  
GO TO 27Ö
269  CON S T -7 1  6 © * R * * 1  • 9**
270 IFC Tp-20 © Î 271,2-83,278
271  IFC P*p2 . )  2 7 7 , 2 7 7 , 2  72 
2 72 IFC  R— 3© h i  2 7 6 , 2 7 6 , 2 7 3
273 I F ( R - 7 . 5 ) 2 7 < * f 2'7*f ,275 
.2.7** X = 1  « 7 Q
GO TO 28A-
275  X = 1 . 7 6 - • Qö8*R 
GO TO 28'*
276 X=2 o**l« 0 21*R  
GO TO 28'*
277 X = i © 5 9^ © 2*R  
GO TO 2  8 '*
278 ■ IF«R-2o2) .23. I f  2 0 1 , 2 7 9
279 ' I F i R - 5 . 3 5 2 8 2 , 2 8 2 , 2 8 0  
2 80 X = 1 « 7 5
GO TO 28**
281 X = 2 ' . 1 7 - , 2 * * *R  
GO TO 28**
282 X = lo62*«>02i **R  
GO TO 28i*
283 YH=TW**2 . ' /CONST 
GO TO 285
28'+ A=CCN$T/20©**X
YW=TW**2«/  ( A * TP *  *  X )
285 I F «ANG LE )2 8 6 , 2 8 8 , 2 8 6  
.286 I F <A N G LE -3 0 « ) 2S 7 , 2 8 8 , 2 8 7  
287 A = 1 ® 33 *  COSFR^COSFR
Y c= YP^A
Y W - Y W *  A
Z-=Z * G ©9975 /A
288 I F < IN T ) 2 9 0 » 2 8 9 , 2 9 Q
289 Z = Z*4  tK-5- lc) / « R - l e  > ) * * Q « 8  
YW=YW*( i«+3 . /TW)
2 90 GAMMA=t1260 0 0 . *  HP) / ( CF*PP V P * ! P)
A=(XBP^YP/GAMMA)**OT  
3 - í X8 W*YH/GAMMA)**OT 
C=CXCP*Z/GAMMA)**OS .
0 = C XCW*Z/GAMM.A> **OS  
DO 316 . 1 1 = 1 ,MP
PPS ( I T ) ¿ A * S 9 P < I I > * * O T  
PPW < I I ) =C *SC P ( I I - >  **OS 
DO 316 J= i ,MW  
PUS Í J )=9*S3WCJ)  **OT  
PWW ( J ) = n *SCW (J ) * *OSV  = /\ SS F (PPS C I D  -  PP H C ID  ) ♦ A6 SF(PPW(TT)-PWS( J) ) + A BSF (PW S ( J )  -PWW ( J> )
1 = Ë + ARSF ( P ° S « I I ) - P W W ( J ) )PRINT 2 9 1 î>PPS^TI)  , P P W ( I I )  , P W S ( J ) ,PWW(J)^,c. , 'NCF,NTP,NHEL
T PA GE = ÏPAGE -M •4f; y p r rpAGPo£Qe^0e0Rí>IPAGEoEGi)80«0R#IPAGEoEQ®120« OR « T P A G t  ® EQ ® 1 6  0 ® O R ® I  
XPA" PQ*" 2 0 Q * OR. TPASFeEQ. 2**0# OR. I  FA GE • ECU 28 0 « OR® IPA3E.EQ «320 • CP® IPA* 
X G r  « EQ c 36 0 * 0 R « P A  GE. HO. • ** 0 0 • OR « IP A GE. • EQ • ***+ 0 ) P R IN T 208 •
2 91 FOR MAT «5 (F3 ® *+)., 3 ( IA) )
Ptl)=PPS(II) 
p(2)=PPW(II) 
P (3 ) = ° W S «J? 
p (A. ) -PWW (J)
#•
I F ( l  P A G E - ( I  PAG  E / 4 0 ) *  4 0 .  E Q . O )  P R I N T  2 0 8
PMIN=P(1 )
93
00  293  K = 1 , L  
I F î  P !1TM-P(K )  ) 2 9 3 , 2 9 3 , 2 9 2  
292 Pt fTM---P(K)
2 93 CONT I  hue  
E C R Ì I - l i i o »
E RR ï  -  i  0 0 „
H MM -  0
I F Í  PL ANE )29  0 , 2 9 8 , 2 9 0  
290  PP= PMIM/COSFR  
00 296  1 = 1 , 0 7
I F Í  E R F N - A B S F f D P i D - P P ) >29  6 , 2 9 6 , 2 9 5
295 ERRN=A3SF ( O P ( I ) - P P )  
p n = o p «t )
296 CONTÌNUE
I F Í  P L A N E )30 2 , 2 0 1 , 2 9 7
297 MMM =1
298 DO 300  1 = 1 , 0 7
I F {  E R F T - A 8 S F ( 0 P < I ) - P H I N > )  3 0 0 , 3 0 0  , 2 9 9
299 E R R T = A B S F ( O P ( I ) - P M I N )
PT= OP ( I )
300 CONTINUE
I F ( M M H ) 2 0 1 , 3 0 3 , 3 0 1
301 I F Í  ERRN-ERRT) 3 0 2 , 3 0 2 , 3 0 3
302 PNO RM=PN 
PT RAN=PN0PM,fC9SFR  
GO TO 39 O
303 PTRAN=PT
PNORM=PTRAN/COSFR  
3 OA P O I A P = T P /P T RAN 
PDIAW=TW/PTRAN
I F Í I N T ) 3 1 1 , 3 1 1 , 3 0 5  .
3û5 S E C = i . / C O S F R * * 3
I F {  ( TP +TW )¥ S E C - 6 0 . > 3 0 6 , 3 0 6 , 3 1 0
306 C A Y P =»0 2 i ‘ ( 3 0 » - T P ç SEC) 
C A Y H = . 0 2 i l ( 3 0 « - T W i>SEC)
I F (  C AYP* CAY H - » 5 )  3 0 7 , 3 0 7 , 3 0 8
307 DELT A=» 8 9 5 *  {CAYP+CAYW) * * . 9 0 5  
GO TO 3 0 9
308 D E L T A = . 8 1 3 * ( C A Y P + C A Y H ) » * . 9 1
309 C E N T A ^ P D I A P + ^ D I A W )  / 2 .  + CE LT A/PNORF  
GO TO 3 1 2
310 CENTA= i  P O I A?+ PO IA  W)/ 2 .
GO TO 3 1 2
311 C EN TA= (p O I A W - P D I A P ) / 2 »
312 I F Í CMTN -CENTA )3 1 3 , 3 1 3 , 3 1 6
313 I F <  CMAX-CENTA)  3 1 6 , 3 1 0 - ,  3 1 0  
3 I L  I F ( 0 I F F - E ) 3 1 6 , 3 1 6 , 3 1 5
315 D IF  F=E
P I T  CH=PMIN  
PNORO=PNORM
p t r a d =p t r a n  
NCFD=NCF
n t p o = n t p
n h e l o =n h e l
NS3PD=SBP{ 11)
MSC PO=SCP( I I )
NS9W0=SBM(J)
NSCHD=SGW<J)
CtNTD=CENTA
316 CONTINUE
I R  D I F F - 9 9 9 9 9 . )  3 1 7 , 3 2 0 , 3 2  0
317 PRINT 318,HP,£QRTP,EQRTW, NS8PD,NSCPD,NS8WD, NSCWO,PITCH,PNORD, PTRAD
318 F 0 R M A T i i H Q , F 9 . 3 , 2 ( F 7 . 2 )  , M I 6 > , 3 < F 7 , 3 > )  '
PRINT 3 1 9 , CENTO,NTPO,NCFO,NHELO,RPMP,P, INT
319 FORMATdHOf F 8 . 3 , 3  ( IV )  , 2 < F 9 « 3 ) , 1 3 )
GO TO 322
320 PRINT 321
321 FORMAT(38HGEARS OUTSIDE REQUIREO CENTRE DISTANCE)
322 TP=NTPD 
ANG LE=NHELD 
PTRAN -PTRAD 
PNO RM=PNORD 
CENT A=CENTD 
CF= NCFD 
PMIN=FTTCH 
TW=TP*R 
RPMW=RPMP/R
RANS = ANSLE/57.2-96  
S E C = i * / i C O S F iR A N G ) ) * * 3  
I F { IN T) 2 0 1 , 3 2 3 , 3 2 3
323 I F i < T P + T W ) *S E C - 6 0 « ) 3 2 5 , 3 2 5 , 3 2 ^
32if A = « i f * ( i o - l c / P J
B = * 0 2 * < 3 0 . - TP *SE C )  '
I F i A - B ) 3 2 7 , 3 2 7 , 3 2 6
325 CAYP=et32*(30 e-TP*SEC)
CAYW=.02*<30. -TW*SEG)
GO TO 330 '
326 CAY P=A
GO TO 329
327 CAYP=B
GO TO 329
328 CAYP=e^
329 CAY W=—CAYP
330 PDEND=«i .+CAYP)/PNORM  
WDEND=<le+CAYN)/PNORM
I F i T P * S E C - 1 7 o ) 3 3 1 , 3 3 2 , 3 3 2  
3 31 POEMD=PDENQ-„0 2*  Ci7e-TP*SfC>/PNORM
332 CUTP=CAYP/PNORM 
CUT W-CAYW/PNORH
PH0LE=1.25/PN0RM+PD£N0 . '
WHOLE=lo 25/PN0RM+WOENO ,
PO IAP=Tp /PTRAN .
POI A W=TW/PTRAN 
I F ( IN T ) 3 3 ^ , 3 3 3 ,  33^
333 OIAp=P0XAP+2®*PDEND 
OIAW=PDTAW-2.*WDEMO 
R00TP=0 IAP-PH0LE*2 .  
r00TW=DIAW+WH0LE*2.
- 9̂  -
d H ‘ d H 4692  I N l d d  
8 /  £ X N I  cî d 
2 92 I N l d d  
8 9£ IN  I 'dd  
99£  IN  I 'dd
S 2 T 0 0 ° + V iN 3 3 * 5 2 O 0 O ° = 3  2*72 
5 2 2 0 0  “ -¡-Vxä^OOO ° = 3 
NVdid/90 0 ° = Q 
“ 9 / 8 = 0
ONVfc)  3SOO*V*S0C *=0 TV2 
2 '> 2 01 09 
52 0 0 0 °+V*5T00 0 ° = 3
N V d id *V 6 O0Q “ =a
*<7/0=0
Í9 N V'd Í 3 S GO a Vx V 00 ° = E QV2 
Q i 2 4 Q'7£ ‘ T* i £ ( “ C O O I - l d A  >31 622  
6££tT47£*6££(iNI>dI 
° 1+ ( N V d i d *  ° c n  /  ( * 0 9 - iM i  )=V  
KVdid/2'iI “2 = H0 lid 
dHdd *  d VÏG d *  9 192 ° = 3d A 
5 0 “ I * H I G I H  = d OIH  
N VdX d / 3 0=H XC IH  
0 £ * * Í NI N d /  N V d I  d ) * 3 0 = 3 0 
H 1(10*288 ° + N \ i ± l á / 9 ¿ * l ¿ °  = 11 H0 0  
d i n 3 * £ 8 0 “ ->NVdid /9¿<7¿°=dHOO  
H i  (10 *  £ -'7 9 0 •) N V c; i  d /  2 8 £ .° l  = i n  0 0 
d i f t O * 2 *79 0 -s -NVd id /28 £ “ I  = d 1 0  0  822
8 “ V=H i l d i i
( fcVTO ° - I H x - ( I H i ) 3 S 0 Ü / C I H i ì  N I S ) * Q H i ) 3 SCO/ M V I Q d * i 6  ° = 8
( IH 1 )  3S 03 /  (CUnO*<789°-H4Vfc id/92 ' l01 î = V 
(5 “ * *  ( °Tf-° 2 * *  < ( H V I  Od*'?6 ° ) /M VIO) ) ) NVIV= I H i
G“ V = dM d ì  1
( 6 VT0 ° - I H i - ( I H i )  3 S 0 0 /  a i t i l  M IS )  *  i l  H i  Ì 3 SCO /  oV IG a *  * 7 6 ° = 8
( I H i )  3S00/ ( 3 in O *V 8 9 °  + N V d i d / 9247°T ) = V 
<5 • * *  ( ° I - ° 2 * *  U d V I 0 d * V 6 ° ) / d V I O )  ) ) N V iV = IH l  222
° 0 9 *  Í I M i t ì - 3 1 I H i >  = NIK  
1 1-1 IN  =1 H iV  
d i I H i = I HIN
962 °2S* U S  * ** ( °T-°2**( < (UIIHI) JSOOxHGONO>/ViN30) ) ) NVIV) = di IHi
( ( 9 N V d ) 3 S 0 0 / V 9 2  • ) N V i V = 3 i  I H i  922
2 2£ 01 09  
0= N IK
02 = 1 HIN 52 2
9£2 4S22 492£ (N'dONO-ViNdO Î 3 I  
( N V'didvr02 i /  < I U * d l )  = HcjON3 
5 * *  H V IQ -  5 ° *  d i  OCd -  V iN 30 = cJ V 310 
°5*310HH -  MV 10= I lX 00d 
° 2 * 3 1 0 H d -d V ia = d j .C 0 a  
ON3011* °2*MVHJd = l1 VIO
GN3Qd* ° 2 + dV I ü d  = d V I 0  V££
822  OX 09  
0 = N i l !
02 = 1  HIM
V i N 3 0 - S ° * d V I 0 - 5 * * M 1 0 0 « = a V 3 1 0
9 6
3^3
3^5
3 ̂ 6 
3^7
3^8 
3 ¿*9
350
351
352
353
35<f
356
357 
3 58 
3 59
3 60
PRINT 370,RPMP,RPMW 
PRINT 371,R,R 
PRINT 372,TP,TW 
PRINT 373,EQRTP,EQRTW 
I R  ANGLE) 3^3,3^6,3^3 
IRC INI)o ty + 93A-5, 3Mv 
PRINT 37 ANGLE, ANGLE 
50 TO 3^9
PRINT 375,ANGLE»ANGLE
GO TO 3^9
IPCINT)3^7,3^5,3^5 
PRINT 376 
GO TO 3h 9.
PRINT 377 
PRINT 378 
PRINT 379 
PRINT 378
PRINT 380,NS8PO,NSBWO
PRINT 38 1,NSCPD,NSCWO
PRINT 378
PRINT 382
PRINT 383
PRINT 37 6
IF«ANGL5)350,351,350 
PRINT 38^,PTRAN,PTRAN 
PRINT 3 8 5, P N 0 RM, P NO R M 
PRINT 3 8 6 9 PITCH,PITCH 
PRINT 37 8 
PRINT 389 
PRINT 378
PRINT 39Q,P9IAP,PDIAW 
PRINT 39i,QTA°,DIAH 
PRINT 392-,CUTP,CUTW 
PRINT 393,PDEN0,W0END 
PRINT 39^,PHOLE,WHOLE 
PRINT 395,R907P,R00TW 
IFCINT)3529353/352 
PRINT 396,TIPWP,TIPWW 
PRINT 397,CF,WIDP»WIDTH 
PRINT 398,CCLP»CCLW 
PRINT 399»C C ,C0HVI 
PRINT tfrO 0,CLEAR 
PRINT £fr01»VEL 
PRINT  ̂0 2 , C E N T A 
P RI NT k- 0 3 , H T HI » MI N 
PRINT 378
IF! INT) 3 5<*, 36^, 35L 
IF (VEL,c’3000o )356,359,359 
IFC VEL-2000o ) 35 7,36G/360 
IF i VEL-12Q0/)353 , 361,361 
IFC V E L* 7 5 0 • )3 63,362,362 
PRINT k 0 k  
SO TO 365 
PRINT V35
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GO TO 365
361 PRINT 606 
GO TO 365
362 PRINT 607 
GO TO 365
363 PRINT 60 3 
GO TO 365
3 6 6  PRINT 609 ,
365 PRINT 61Q
PRINT 373 
PRINT 6119E 
PRINT 615 9E 
PRINT 612 
PRINT 615?0 
PRINT 613, C 
PRINT 615*0 
PRINT 616 * F 
PRINT 616 
PRINT 376 .
366 FORHATUH1,3X68H*** GEAR DESIGN TO BRITISH STANDARD 636-1960 ***/)
367 FCRMATiiX925H** INITIAL DESIGN DATA **)
368 FORMA T(IX 9 2 6X26H PINION WHEEL?/)
369 FOR MAT i 1X *16HH*P. TRANSMITIED,10XiH*9 F9.2 ,5H ^9F9.2,5H *)
370 FORMAT{ IX916HREVS• PER MINUTE,10X1H**F9„2,5H *,F9.2,5H *)
371 FOR M A T { 1X 9 1  6 H GE A R REDUCT I ON ,12X 1H* * F 6 « 2* 8 H TO 1 *,F6.2,8H TO 1 *>
X)
372 FORMAT Cl X9 1 5HNUM3ER OF TEETH,liXiH*,F9.2 ,5H *,F9'i2,5H *)
373 FORMAK 1X 9 16HRUNNING TIME/OAY , 1 0 XIH* 9 F8 « 1 9  6 H HRS F 8 « 1  9 6 H HRS *)
376 F OR M A T C1X 9 2 7HH E LICA L GEARS (EXTERNAL) *,F 8 . i , 6 H DEG +,F8 . i , 6 H DFG *) 
X *)
375 FQRMATC1X?27HHELICAL GEARS (INTERNAL) 
X *) *,F8.1,6H DEG *,F8.1,6H DEG *)
376 FOR MAT( IX 9 2 7HSPUR GEARS (EXTERNAL) * 9 13X1H*,13X1H*)
377 F OR M A T{1X 9 2 7 H SPUR GEARS (INTERNAL) * , 13X1H*, 13X 1H*>
378 FOR WAT( IX 9 26X 29H* ******'•'^
379 FORMAT{i X 9 / ,20H** GEAR MATERIALS **)
380 FORMATdX, 27HGENDING STRESS FACTOR <SB)*,I9,5H *,ig,5H * )
1381 F0RMAT(1X?27HSURFACE STRESS .FACTOR (SC)*9l995H *9l9 9 5H *>
382 FORMAT(1 X9 5 5H- REFER BcSeSo 636 APPENDIX A FOR A SUITABLE MATERIAL -> 
X -)
383 FORMATflX,/ ,2QH** PITCH OF GEARS **)
386 FOR MAT(1X ? 27HTRANSFERS E DIAMETRAL PITCH*, F i0 «3,6 H 
X)
385 FORMATC1 X927HN0RNAL DIAMETRAL PITCH * 9 FiO*3 9 6 H 
X)
386 FORMATdX,27HCIRGULAR PITCH *,F1G.3,6H
X)
* 9F 10 « 3 9 6 H 
*,F 1 0  * 3 9 6 H
*,F 1 0 ,3 , 6 H
389 FORMATi 1X9 / ,23H** GEOMETRY OF GEARS **)
390 FOR MAT(IX9 2 7HDI T CH CIRCLE DIAMETER *,F8.3,6H INS *?F8,3?6H
X *)
391 FOR MAT <1X?27HBLANK OR TIP DIAMETF" *,F8»3,6H INS *9F8e396H
*>
*)
*>
INS *) 
INS *)
X *)
;392 F O R M A T U X ,27HCUTTER CORRECTION (RACK) *,F3.3,6H INS *9F8<,3 9 6 H INS *) 
X *>
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*5»F8«3*6H INS * * F8 .3 9 6 H INS * }
'•%FO *3 ,6H IMS ^ j F8 * 3 9 6 H INS *  >
* 9 F 8 0 3 9 6 H IMS * 9  F8 « 3 ?6 H IMS * )
%F8o3; ,  6 H IMS * 9  F8 .3 9 6 H IMS
* , F 8 . 3 , 6 H INS ^ 9 F 8 0 3 ?6 H IMS
F8 . 3 * 6 H IMS *  9 F8  © 3 j»6 H I  MS + Ì
* 9 F 8 » 3 * 6 H INS * 9 F8*3 , 6 H INS # )
F 1 h * k 9 1 INCHES *>
F 1  ¿j- 0 A'* 9 i  ifrH FT /MI N *  )
F I  ¿+0 INCHES * )
I9,^H DEGf I *><> .1 IH MIN
393 FORMAT dX 9 2 7HAQ0ENnUM OF T EFT hi
X d  •
39,% FOR I! AT*1 !)(«, 2 7MUM0LE DEPTH Of TEETH 
X *3 w '
■395 F OR i I AT i 1 X ? R 71! RO OT DIAMETER OF GEARS 
X *3
396 F OR f!ATC1)' 9 R71!TXP I JXDTf !  OF TFFTH
X ‘
397 FOR MAT UK 9 limilDTi I ?CF~,F6*2 9 IH) 97)
X “3
393 FORMATiX)(9 R7!ICONSTAMT CHORD LENGTH 
X - 3
399 FORMATC1X, 2 7MCONSTANT CHORD HEIGHT 
X
400 FORHAT C1X 9 i 9H30TTOM CLEARANCE ?7X:
¿'01 FORMAT (1 X ? i 9H° ITC H LIME VELOCITY 97X:
402 FOR MATC1 X9 1SHCSNT R.E DISTANCE ,7X:
¿,'02 FORMAT CiX«27HRUNNING PRESSURE ANGIE
X *)
¿tOA FCRMATUXi)/ / ?9X37H« PRECISION GROUND GEARS (CLASS Al)
405 F OR M A T (1X ? / / n 5 X L 5 H*= PRECISION CUT GEARS <CLASS A2 OR CLASS Q) -)
406 FOR MAT tlX 9 / / r10X3 kV~ HISU-CLASS OUT SEARS (CLASS 83
407 FORMAT ( «1 X « ER HMIC-M-CL ASS COMMERCIAL CUT GEARS (CLASS 0 OR CLASS C> )
XC))
408 FORMAT(lXf / / !,IOX3i!H- COMMERCIAL CUT GEARS (CLASS C3 -3
409 FORMAT (IX?/ / ? 13 X 2 B H- INTERNA!. SEARS (CLASS O) - 3
410 FORMAT (IX ? / TO «„FRANCES
411 FOR M AT ( 1  X ? 2 7HC IRC ULAR PITCH (01.032)
XH*3
412 FORMATdXoEEHPROFTLE ERROR 
‘ X *}
412 FOR M AT(ix 9 2 7HTOOT H THICKNESS (CL« 6̂ ) * 9 7X1H-9F6 *h 9 8 H INCHES ,5X1H*) 
XH*)
419- F OR M A T11X 9 2 7H C E NT RE DISTANCE (CL.<*7) 7X lH-,F6 .<f, 6 H INCHFS,5X1H*>
X M “ 3
415 FORMATfIX*26X9H* - 9 F6 . i f , 8 H INCHES , 5X1H*)
416 F OR MAT 11. X 9? 6X29 M* -n ppnon INCHES -3
STOP 11.1
END
(CL. 3*0 *
9 7X1H* pF6 ei> ?8 H INCHES 9 5X1H* ) 
+0.0000 INCHES
USASI
[OUTRAN DIAGNOSTIC RESULTS FOR GEARBOX
Ì FRROPS
APPENDIX 2
TABULATION OF CALCULATED VALUES
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TABLE 1
ITEM PINION WHEEL
Initial
Data
H.P. transmitted R.P.M.
No# of teeth Material
Face width coefficient
200
5 0 0
30
*55* Carbon Steel nomm. S.H. air 
28
200100
150* A0f Carbon Steel norm. S.H. water 
2 8
Running time hrs/day 12 12
126,000 HP
_ _  _________
60 60
CfNT
2 1 , 5 0 0 17,000
S (App.A) if, 000 2 ,8 0 0
Data X (Chart 10) b 0 .3 0 7 0.if2from X (Chart 11)c 0.307 0.*f2
Ì3.S.S ^ 3 6 Y (Chart 9) X
1.33 cos2 20 0 .9 2 2 0 . 8 1 7
Z (Chart 7) X 
0.75 sec2 20 3*57 3*57
Strength
DiametralPitch P = 3 / XbSbY
V  X
A.66 (PPS) if. 6 3 (PWS)
Wear
P = 2.8 / X S Z
i  c
.̂60 (ppw ) ^ . 5 6 (PW’.V)
' *
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TABLE 2
DATA values as read from Chart 7 B*S*S. ^36, Zone Factor 
for helical gears, with a gear ratio of one*
PINION TEETH Z = ZONE FACTOR
10 1*00
12 1.18
1^ 1 .3^
16 1*31
18 1.66
20 1.80
22 1.97
2k 2*13
26 2*30
28 2< M
30 2.60
35 2.95
*tO 3.30
102
TABLE 3
CALCULATED Z % ERROR
1 .00W 8 »k3
1*17190 - .69
1.33730 - .20
I.5OO68 - .62
1 .6620^ .12
1.82138 1 .17
M = 2 I.9787O .kk
2.13^01 .19
2.28729 - .56
2.^3856 - .06
2.58781 - .^7
2.95210 .07
3.30377 .11
Equation Z = 0.137+0.089TP - 0.00025TP2
- 103
TABLE k
CALCULATED Z % ERROR
1.00923 .91
1*17270 ~o62
1.33561 -.33
1.^9773 -.82
106588^ -.07
1.81871 I.O3
M = 3 1*97711 .36
2.13382 .18
2.28861 -©50
2.MH26 «05
2.5915^ -«33
2.95537 .18
3.299^5 -©02
Equation z = 0.191+0.0SITP+0.000099TP2- 0.00000^7TP3
- 10*t -
TABLE 5
CALCULATED Z % ERROR
1o00577 .57
1 .17^02 -«51
1.33852 -•11
1*50022 -.6 5
1.65989 -♦ 00
1081810 1*00
M = ^ 1*97520 .26
2.13135 • 0 ô
2.286^9 -.59
2. ¿ĥ 037 .02
2*59252 -•29
2.96052 .36
5*29705 i « 0 vO
Equation Z = 0.0597+0.1077TF-0.0017TP2
+ 0.0000'f79TP5- Ll0.00000053TP■
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TABLE 6
CALCULATED Z % ERROR
0.889013 -12.48
1.28586 8.23
1.45090 7.64
1 .526^6 1.08
1.60111 . - 3.68
1.71945 - ;+*68
M = 5 1.89193 - 4.13
2.10465 - 1*20
2*32927 1.26
2*33251 3.65
2.68667 3*23
2*83328 - 4.12
3.32969 .89
Equation Z = 14.55+3.76TP-0.344TP2
Li+0.015TP -0.00032TP
+0.00000255TP5
TABLE 7
—  .
TP 10 12 1A 16 18 20 22 2A 26 28 30 35 AO
TW 10 12 1A 16 18 20 22 2A 26 28 30 35 AO R=1
Z 1 „00 1.18 1.3^ 1.51 1 „66 1.80 1.97 2.13 2„30 2.44 2.60 2.95 3,30
TP 10 12 1A 16 18 20 22 2A 26 28 30 35 Ao
TW 20 zh 28 32 36 AO AA A 8 52 56 60 70 80 R=2
Z 1.28 1o50 1.70 1.92 2„15 2.37 2.60 2.80 2.97 3.16 3.40 3.90 A „ A2
TP 10 12 1A 16 18 20 22 2A 26 28 30 35 4o
TW 30 36 42 A 8 5A 60 66 72 78 8A 90 105 120 R=3
Z 1 .A2 1 „ 68 1,93 2 „ 22 2.43 f\> 0 ON CO 2.90 3.16 3.40 3.65 3,75 4.35 4.80
TP 10 12 1A 16 18 20 22 2A 2 6 28 30 35 AO
TW AO A 8 56 6 A 72 80 88 96 104 112 120 140 160 R=A
Z 1.51 1.73 2.08 2 «35 2.63 2.85 3.15 3,35 3.62 3.66 A. 08 A ©60 5,10
TP 10 12 1A 16 18 20 22 2A 26 28 30 35 AO
TW 30 6o 70 80 90 100 110 120 130 140 150 175 200 2=5
Z 1.60 1 „86 2 „20 2.45 2*72 3.00 3.25 3.50 3.75 4.00 4.30 4.80 5.40
TP 10 12 1A 16 18 20 22 2A 26 28 30 35 AO
TW 75 90 105 120 135 150 165 180 195 210 225 263 300 2=7 0 5
Z 1.71 2.10 2.35 2.60 2„90 3.20 3.40 3.68 3.95 4.2 A.5 5.0 5.6
TP 10 12 1A 16 18 20 22 2A 26 28 30 35 AO
TW 100 120 1 AO 160 180 200 220. 240 260 280 300 350 400 R=10
Z 1.78 2.08 2.40 2„70 2.95 3,25 3.^6 3,75 4.03 4.3 A.6 5o1 5.7
-  1 0 7
TABLE 8
GEAR RATIO 1 2 3 4 5 7«3 10
PINION TEETH 1 8T17 ° /Z
10 63 172 321 507 713 1387 2237
12 74 203 377 597 853 1568 2657
14 86 237 433 674 932 1850 3040
16 97 267 478 759 1087 2126 3436
18 109 294 540 838 1211 2356 3887
20 122 323 592 935 1327 2581 4266
22 132 349 650 1004 1454 2884 4756
24 143 379 697 1104 1379 3099 3133
26 133 413 749 1180 1702 3333 5516
28 165 444 797 1265 1824 3561 3908
30 175 467 878 1335 1921 3808 6253
35 204 537 999 1586 2271 4523 7443
40 232 603 1192 1819 2567 5136 8469
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TABLE 9
GEAR RATIO Y1 Y2 X1 x2 log
Y1
.............
log
Y2
log
X1
log
X2
Slope
a
1 60 230 10 ko 1.778 2.362 1 1.602 0.98
2 175 600 10 ko 2 .2^3 2.778 1 1.602 0.89
3 320 1100 10 ko 2*503 3.0^1 1 1.602 0.89
k k97 1750 10 ko 2.696 3 .2^3 1 1 .602 0*91
5 715 2310 10 ko 2.85^ 3.399 1 1.602 Oe91
7 .5 13^0 3200 10 ko 3«127 3.716 1 1.602 0.98
10 2230 8200 10 ko 3.352 3 .91^ 1 1.602 0.9zi
-  1 0 9
TABLE 10
GEAR RATIO 1 2 3 k
PINION TEETH DATA ZCAL DATA ZCAL DATA ZCAL DATA ZCAL
10 1 o 00 1.05 1.28 1.28 1.^2 1,^2 1.51 1.5^
12 1 o18 1.22 1.50 1.50 1.68 1068 1.78 1.81
1*f 1.3^ 1.38 1.70 1.73 1 ©93 1.93 2.08 2.08
16 1.51 1 .5^ 1.92 1.95 2.22 2.18 2.35 2.35
18 1 ©66 1.70 2.15 2.17 2,^3 Z.hZ 2.63 2.61
20 1.80 1.85 2.37 2.38 2.68 2.66 2.85 2.87
22 1.97 2.00 2.60 2.60 2.90 2.90 3©15 3.13
2k 2d 3 2.15 2.80 2.81 3.16 3©13 3©35 3.39
2 6 2.30 2.30 2.97 3 ©02 3okO 3©37 3.62 3.6fh
28 2 < M 2*kk 3.16 3*23 3.6s 3.60 3.86 3.89
30 2.60 2.58 3.^0 3.^3 3©75 3.83 4„08 e 1 k
35 2.95 2.93 3.90 3.9^ *+.35 k0ko k .6 0 ko7&
ko 3.30 3.27 k.k2 k.k5 4.80 <̂>96 5 d O 5.36
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TABLE 11
GEAR RATIO 5 7 o 5 10
PINION TEETH DATA ZCAL DATA ZCAL DATA ZCAL
1 0 i « 6o
' ' ... "
1 . 6 4 1 , 7 1 1 . 8 1 1 . 7 8 1 o75
12 1 , 8 6 1 . 9 3 2 , 1 0
0V*cOJ 2 . 0 8 2 , 0 3
1A 2 . 2 0 2©21 2 , 3 5 2 . 3 8 2 . 4 0 2 . 3 4
16 2 . 4 5 2,50 2 . 6 0 2 , 6 6 2 , 7 0 2 . 6 2
18 2 . 7 2 2 . 7 8 2o90 2 , 9 3 2 , 9 5 2 . 9 0
20 3 . 0 0 3 . 0 5 3 o 2 0 3«19 3*25 3 . 1 8
22 3 * 2 5 3 «33 3 . 4 0 3 . 4 5 3 ©A6 3 . 4 5
2A 3 . 5 0 3 . 6 0 3 . 6 8 3 * 7 0 3 . 7 5 3 * 7 2
26 3 . 7 5 3 . 8 6 3 . 9 5 3 . 9 6 A , 0 3 3 . 9 8
28 4 . 0 0 4 . 1 3 4 . 2 0 4 . 2 0 4 . 3 0 4 . 2 5
30 ' 4 . 3 0 A.AO 4 . 5 0 4 . 4 5 A « 60 4 . 5 1
35 4 . 8 0 5 . 0 5 5 *oo 5 . 0 5 5«10 5 . 1 5
Ao 5 . 4 0 5 . 5 0 5 . 6 0 5 «63 5«70 5 * 7 7
______________ , j
TABLE 12
TP 10 12 1k 16 18 20 22 2k 26 28 30 35 ho
—
TW 10 12 Ik 16 18 20 22 2k 26 28 30 35 ko R=1
Z • 90 1.01 1.17 1.28 1.40 1 »53 1.63 1.72 1.79 1.89 1.98 2.23 2.51
TP 10 12 Ik 16 18 20 22 2k 26 28 30 35 40
TW 20 2k 28 32 36 40 kk k8 52 56 60 70 80 R=2
Z 1.00 1.21 1 *35 1.50 1.62 1.75 1.92 2.08 2.22 2.40 2.51 2.86 3.26
TP 10 12 Ik 16 18 20 22 2k 26 28 30 35 ko
TW 30 36 kz ¿f8 5k 60 66 72 78 8k 90 105 120 R=3
Z 1.10 1.24 i.'+i 1.60 1.77 1.97 2.15 2.31 2.50 2.65 2.80 3.22 3.60
TP 10 12 l¿f 16 18 20 22 2k 26 28 30 35 ko
TW 40 k8 56 6 k 72 80 88 96 104 112 120 140 160 R=¿f
Z 1.12 1 «25 1.47 1 „70 1.89 2.10 2,28 2.45 2.65 2.80 00. 3.48 3.85
TP 10 12 1*f 16 18 20 22 2k 26 28 30 35 ¿I0
TW 30 60 70 80 90 100 110 120 I3O 140 150 175 200 P=5
Z 1.13 1.27 1*53 1.75 1.95 2.19 2.36 2.54 2o72 2.93 3.15 3.65 3.98
TP 10 12 Ik 16 18 20 22 2k 26 28 30 35 40
TW 75 90 105 120 135 150 165 180 195 210 225 263 3OO R=7 0 5
& 1.15 1.30 1 „60 1.80 2.09 2.31 2.51 2o70 2.91 3o12 3.35 3 o8o 4.25
i TP 10 12 i*f 16 18 20 22 2k 26 28 30 35 *fO
T W 100 120 l'+0 160 180 200 220 240 260 280 300 350 400 R=10
Z
1.17 1.32 1.66 1.86 2.18 2.40 2,58 2.78 3.00 3o21 3o44 3*90 4,30
II
I
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TABLE 13
GEAR RATIO 1 2 3 k 5 7.5 10
PINION TEETH TW1*Vz
10 67 220 *f1*f 683 1012 2063 3k03
12 87 252 510 850 1250 2533 ^187
1^ 99 298 592 95^ 1369 2 7 17 ^395
16 115 3*H 66^ 10^9 1522 3071 ^988
18 130 391 7^2 1166 1689 3269 5261
20 1 W **37 806 1269 1818 3576 5776
22 160 ^73 876 1387 2003 3907 6379
2k 17 7 5 1 1 95^ 1510 2176 k 2 k ? 692^
26 197 553 1018 1612 23^7 ^552 7^10
28 213
COIA 1098 17W 2^90 ^851 791^
30 230 632 1176 18^2 2622 5 1 15 8361
35 270 733 1350 2096 2987 5952 9733
*fO 305 817 1535 2^10 3^83 6768 11226
TABLE
GEAE RATIO Y1 Y2 X1 x2 log
Y1
log
Y2
log
xi
log
x2
Slope
cl
1 100 300 ' [k kO 2 »000 2.4-77 i.lzi-6 1.602 1*10
2 216 850 10 ko 2o333 2*929 « 0 0 0 1.602 0 0 0
3 k 30 1520 10 ko 2.63'f 3.182 1*000 1e 602 0*90
k 689 2390 10 ko 2.838 3.378 1*000 1.602 0*90
5 1010 3390 10 ko 3.00'f 3*530 1*000 1*602 0.88
7*5 1009 6390 10 ko 3.302 3.819 1 »000 1.602 0*86
10 3350 10,600 10 ko 3*323 if. 025 1*000 1.602 o»8¿f
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TABLE 15
GEAR RATIO 1 2 3 4
PINION TEETH gCAL ZDATA ZCAL ZDATA ZCAL ZDATA ZCAL ZDATA
10 „94 «,90 1*02 1 „00 1*07 1.10 1.10 1*12
12 1 e07 1.01 1.18 1.21 1.26 1.24 1*30 1*23
1^ 1.19 1.17 1*33 1*33 1 „44 1.41 1.49 1.47
16 1.31 1.28 1.48 1.30 1.63 1 „60 1 * 68 1.70
18 1 „42 1.40 1.63 1.62 1.81 1*77 1.87 1.89
20 1.53 1.33 1.77 1*73 1.99 1*97 2.06 2*10
22 1 .6^ 1.63 1.91 1.92 2.17 2*13 2.24 2.28
2k 1o74 1e72 2.03 2.08 2.35 2*31 2.42 2.45
26 1 *8A 1.79 2.18 2.22 2.32 2*30 2.60 2.65
28 1.94 1.89 2*32 2.40 2.70 2.65 2.78 2.80
30 2 „04 1.98 2.45 2.31 2.8? 2.80 2.96 3.00
35 2*27 2.23 2©77 2.86 3*30 3*22 3.40 3.48
40 2 *k9 2.31 3.08 3«26 3*72 j e So 3.84 3.85
-  1 1 5  -
TABLE 16
GEAR RATIO 5 7.5 10
PINION TEETH ZCAL ZDATA ZCAL ZDATA
.
ZCAL ZDATA
10 1«12 1o13 1.18 1.15 1*21 1*17
12 1o33 1 «27 1*39 1*30 1 okk 1*32
14 1.54 1.53 1.61 1.60 1 «66 1 «66
16 1.75 1 «75 1.83 1.80 1.89 1 «86
18 1*95 1.95 2.04 2*09 2 .11 2.18
20 2.16 2.19 2.25 2«31 2*33 2.40
22 2*36 2.36 2.47 2*51 2«55 2.58
2k 2.56 2.54 2.68 2.70 2.76 2.78
26 2.76 2e72 2*89 2*91 2.98 OO6K\
28 2.96 2*93 3*09 3*12 3*19 3*21
30 3*16 3*15 3.30 3.35 3.41 3.44
35 3*65 3065 3*82 3*80 3.94 3.90
40 «1 k 3.98 4.33 4.25 4.46 4.30
TABLE 17
TP 10 1 2 1W 16 18 20 22 2W 26 28 30 35 4 0
TV/ 10 12 1W 16 18 20 22 2W 26 2 8 3 0 35 Wo 2=1
YW . 5 3 5 . 5 6 1 «586 .605 #616 0626 .6 3 0 .6 3 0 .6 3 0 • 628 .625 . 6 5 3 .6 9 0
TP 10 12 1W 16 18 20 22 2W 26 28 3 0 35 40
TW 20 2W 28 32 36 WO WW W8 52 5 6 60 7 0 80 2=2
YW #562 . 5 7 0 .580 .580 .580 o578 «588 .6 0 3 .622 .639 .652 . 6 9 1 . 7 2 6
TP 10 12 1W 16 18 20 22 2W 26 28 3 0 35 4 0
TV/ 30 36 W2 W8 5W 60 66 72 73 8W 90 105 120 2=3
YW . 5 4 4 . 5 4 7 . 5 4 8 * 5 5 0 * 5 7 0 rf)Q*5 ^o 0605 0628 . 6 4 5 .657 0671 o710 .7 3 ^
TP 10 12 1W 16 18 20 22 2W 26 28 3 0 35 WO
TW Wo W8 96 6W 72 80 88 96 10W 112 120 1 4 0 160 2=W
YW o5 3 0 . 5 3 0 .5 4 1 .560 »580 0602 .6 2 5 . 6 4 0 . 6 5 5 «668 068W . 7 1 7 * 7 3 9
TP 10 12 1W 16 18 20 22 2W 26 28 30 35 WO
- "" *
TV/ 50 60 70 80 90 100 110 120 130 1 4 0 130 175 200 2 = 5
YW o520 .5 3 0 , 5 4 8 , 5 7 0 . 5 9 0 ®6lW .6 3 2 0 6W8 0 661 .678 .695 o7 2 0 . 7 4 1
TP 10 12 1W 16 18 20 22 2W 26 28 30 35 WO
TW 75 90 105 120 135 150 1 6 5 180 195 210 225 2 6 3 300 2 =7 * 5
YW *520 . 5 4 0 «560 ,58 2 .607 »690 .6 4 7 O66o 0677 .690 . 7 0 4 . 7 2 6 . 7 4 5
TP 10 12 1W 16 18 20 22 2W 26 28 30 35 Wo
TV/ 100 120 1W0 160 180 200 220 2 4 0 260 280 300 3 5 0 Woo 2=10
YW . 5 2 7 .5^5 .570 . 5 9 2 <»618 .639 .6 5 4 .667 0683 o699 o7 10 * 7 3 0 . 7 4 7
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TABLE 18
GEAR RATIO 1 2 3 it 5 7» 5 10
PINION TEETH tw2/ yw
10 187 712 165^ 3019 it8o8 10817 18975
12 237 1011 2369 k 3 ^7 6792 15000 26if22
I k 33^ 1352 3219 5797 89^2 19687 3^386
16 kZ3 1766 ¿H89 731^ 11228 24742 45243
18 526 223^ 5116 8938 13729 30025 52it27
20 639 2768 6122 10631 16287 3571 ̂ 62598
22 768 3293 7200 12390 19146 it2079 7it006
2 k 91 it 3821 8255 lififOO 22222 it909l 86357
26 1073 k3h7 9^33 16513 25567 56167 98975
28 12^8 L908 107^0 18778 28909 63913 112160
30 1 Vf-0 3521 12072 21053 3237^ 71911 126761
35 1876 7091 15528 27336 if2535 9zt9l2 167808
k o 2319 8815 19619 3A6 f̂l 53981 120805 21 iH 90
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TABLE 19
GEAR . Y1 
RATIO Y2 X1
\ r
a 2
log
V"1
log
Y2
log
X1
log
X2
Slope
a
1 185 638 10 20 2.2672 2.8048 1 1.301 1*79
2 695 2770 10 20 2.8420 3.4425 1 1 *301 1*99
3 1730 6000 10 20 3.243 3.778 1 1.301 1.78
3220 10,500 10 20 3.508 4.021 1 1.301 1.70
5 4950 16,200 10 20 3.695 4.207 1 1.301 1.70
7*5 10,800 35,300 10 20 4.033 4.548 1 1.301 1.70
10 19,500 62,300 10 20 4.290 4.795 1 1.301 1*68
GEAR Y. Y. X X log log log log Slope
RATIO 1 2 Y1 Y2 X1 X2 b
1 638 2430 20 4o 2.805 3.386 1.301 1.602 1*93
2 2770 8920 20 hO 3.443 3.951 1.301 1.602 1.69
3 6100 19,600 20 ko 3*785 4.292 1.301 1.602 1.69
10,500 34,600 20 ko 4.021 4.539 1*301 1.602 1.72
5 16,200 54,000 20 40 4.210 4.732
O« 1.602 1.74
7.3 35,700 120,000 20 40 4.553 5*079 1.301 1.602 1.75
10 62,500 210,000 20 40 4.796 5*322 1.302 1.602 1.75
GEAR
RATIO
Pinion Teeth <  20
h Y2 X1 X2 m
1 1.79 1.99 1 2 .2
2 1 .99 1.78 2 3 - .2 1
3 1 .99 1.78 2 3 - .21
4 - - - - 0
5 - - - - 0
7.5 - - - - 0
10 1.7 1.68 7.5 10 -.008
Changes in 
Slope 2, 3.4, 7.5
TABLE 20
Pinion Teeth ^  20
c Y1 Y2 xi X2 m c
1 *59 1.93 1.69 1 2 •i 2*17
2.41 1.93 1.69 1 2 - *24 2.17
2.41 1.694 1.75 3 5*3 .024 1.6 2
1*7 1.694 1*75 3 CO• .024 1.62
1*7 1.694 1.75 3 5*3 .024 1.62
1.7 - - - - 0 1*75
1.76 - - - - 0 1.75
2.1» 5*3
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TABLE 21
GEAR RATIO 1 2 3 k
PINION YW YW YW YW YW YW YW YW
TEETH DATA CAL DATA CAL DATA CAL DATA CAL
10 .5 3 5 .5**1 .562 .576 .5***+ «512 «530 .**93
12 .561 .562 «370 «577 .5**7 .5 3 3 .5 3 0 *521
1A .586 .581 .580 .578 .5^8 .552 • 5'H .5**6
16 .605 .597 o580 *579 .5 5 0 .568 .560 «588
18 o6l6 „612 .580 «579 «570 .5 8 3 .580 .588
20 0626 0626 .5 7 8 .580 .588 «597 .602 .607
22 c630 .630 .588 «597 .605 .615 .625 ®62A
2k .630 .63** .603 .61^ «628 .631 • 6A0 .639
26 .630 .638 ®622 .629 .6*1-5 .6**7 .655 .65**
28 «628 .6**1 .6 3 9 .6**** .657 0662 0668 .6 6 8
30 .6 2 5 .6 5 2 0658 .671 .676 .68** « 681
35 .6 5 3 .651 .691 .690 «710 «709 *717 «712
AO .690 .6 5 7 .726 «719 .73'* *739 «739 «739
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TA3L3 22
GEAR RATIO 5 7 .5 10
PINION YW YW YW YW YW YW
TEETH DATA CAL DATA CAL DATA CAL
10 «520 «500 • 5 2 0 • 5 1 2 .527 . 5 1 ^
12 .530 .5 2 8 . 5^0 . 5^ 1 . 5^ 5 . 5^ 5
14 .5^8 «553 .5 6 0 • 566 .570 ©572
16 .570 .5 7 5 .5 8 2 .590 .592 .597
18 .590 .5 9 6 .6 0 7 . 6 1 1 .6 1 8 .6 2 0
20 .6 1  if .6 1 5 .6 3 0 .6 3 0 .6 3 9 .641
22 .6 3 2 .6 3 1 . 6V7 ,6'+6 <>6 5 ^ .657
24 ,6'f8 • 645 • 660 • 660 .66? .6 7 1
26 • 661 .6 5 9 .677 .673 ©683 .6 8 5
28 .6 7 8 .6 7 2 .6 9 0 .686 .699 .6 9 8
30 .695 ,68*f . 7 0 ^ .6 9 8 ©710 • 7 1 0
35 .720 • 712 .726 .725 .730 .7 3 8
• 40 .7*H .7 3 7 •7^5 .750 .7^7 .7 6 3
TABLE 23
TP 10 12 14 16 18 20 22 24 26 28 30 35 40
TW 10 12 'Ik 16 18 20 22 24 26 28 30 35 40 2=1
YP • 535 .561 • 586 .605 0616 9626 .630 a 630 0630 »628 .625 .653 • 690
TP 10 12 'Ik 16 18 20 22 24 26 28 30 35 40
TW 20 24 28 32 36 40 44 48 52 56 60 70 80 2=2
YP .556 • 590 *618 9 641 • 658 .671 9680 0695 .711 • 723 .7^0 ,7&b .788
TP 10 12 Ik 16 18 20 22 24 26 28 30 35 4o
TW 30 36 k2 48 54 60 66 72 78 84 90 105 120 2=3
YP «568 •597 ®626 .655 .675 • 700 .718 • 732 .7b1 • 753 <.765 ©790 .810
TP 10 12 'Ik 16 18 20 22 24 26 28 30 35 40
TW 40 48 56 64 72 80 88 96 1C* 112 120 1*t0 160 2=4
YP .5 7b .598 .635 »669 »692 .716 • 730 »7^1 °75b .765 ©777 «805 »828
TP 10 12 14 16 18 20 22 24 26 28 30 35 40
TW 50 60 70 80 90 100 110 120 130 140 130 175 200 2=5
YP .576 .605 *644 .675 *701 •723 .736 «7^8 «.762 • 775 »789 0816 .836
TP 10 12 14 16 18 20 22 24 26 28 30 35 40
TW 75 90 105 120 135 150 165 180 195 210 223 263 300 2=7^
YP • 579 »615 .655 »689 o712 •733 .7^7 .762 • 773 0 -n3 CO CO • 799 .823 .850
TP 10 12 14 16 18 20 22 24 26 28 30 35 40
TW 100 120 140 160 180 200 220 2̂ 0 260 280 300 350 ¿too 2=10
YP .582 • 620 0662 .695 •719 .7b9 »756 =768 »780 »79^ .808 =833 .853
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TABLE Zb
GEAR RATIO 1 2 3 k 5 7.5 10
PINION TEETH TP2/ I
10 187 180 176 17*1- 17^ 173 172
12 257 Zbb 2*H Zb 1 233 Z3b 232
1*f 33b 317 313 309 30^ 299 296
16 bZ3 399 391 383 379 37*t 368
18 526 492 *f8o *468 b6z b35 *451
20 639 596 371 559 333 3b6 53*4
22 768 712 67*1 663 658 6b8 6*40
2h 9Tb 829 787 777 770 756 750
26 1073 951 912 901 887 875 867
28 12*1-8 1081 10*H 1023 1012 995 987
30 ib b o 1216 1176 1158 11*1-1 1126 mij.
35 1876 1603 1551 1322 1301 1*485 1*4-71
b o 2319 2030 1975
.
1932
.............
191^ 1882 1876
TABLE 25
GEAR
RATIO Y1 Y2 X1 X2 log
Y1
log
Y2
log
X1
log
X2
Slope
a
1 185 639 10 20 2.267 2.806 ' 1 1.301 1.80
2 177 597 10 20 2.248 2.776 1 1.301 1.75
3 176 572 10 20 2.246 2 »757 1 1.301 1.70
k 176 553 10 20 2.246 2.743 1 1.301 1.65
3 175 549 10 20 2.243 2.740 1 1.301 1.65
7.5 173 5^6 10 20 2.238 2 »737 1 1.301 1.65
10 170 534 10 20 2o230 2c728 1 1.301 1065
GEAR
RATIO Y1 Y2 X1 X2
log
Yi
log
Y2
log
X1
log
X2
Slope
b
1 639 1440 20 30 2.806 3.158 1*301 1.477 1.99
2 397 2030 20 ko 2.776 3.308 1.301 1.602 1 «77
3 370 1950 20 ko 2.756 3*290 1 »301 1.602 1 *77
k 559 1930 20 ko 2.748 3.286 1.301 1.602 1.80
5 552 1920 20 k o 2.742 3.284 1.301 1.602 1.80
7.5 5^0 1880 20 ko 2*732 3.274 1.301 1.602 1.81
10 530 i860 20 ko 2.724 3.269 1.301 1.602 1.81
TABLE 26
GEAR Pinion Teeth 4C 20 Pinion Teeth ’> 20
RATIO Yi Y2 X1 X2 m b Yi Y2 xi X2 m b
1 1.80 1.75 1 2 - .05 1.85 1.99 1.77 1 2 -.22 2.21
2 1.75 1.70 2 3 -.05 1.85 - - - - - 1.77
3 1.70 1.65 3 4 -.05 1.85 - - - - - 1.77
4 - - - - - 1.65 - - - . - - 1.80
5 - - - - - 1.65 - - - - - 1.80
7.5 - - - - - 1.65 - - - - - 1.81
10 - - - - - 1.65 - - - - - 1.81
Change in
S lo p e
4 2> 3.- 7
For the region R^S 2 and TP >  30
Y = mX + b
1.70 = m b • I m = .07
1.77 = 2m + b • *. b =1.63
125
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TABLE 27
GEAR
RATIO Y1 Y2 X1 X2 logY1
log
Y2
log
X1
log
X2
slope
b
E <  if 557 637 k 1 2o7^6 2.80't 0*602 0 ~ o097
R >  k 535 557 10 I k 2o728 2.7^6 1 0*602 -.051
R < 2  
TP> 30
1230 -\kkO 2 1 3o090 3.158 0*301 0 -.228
TABLE 28
GEAR RATIO 1 2 3 k - ■
PINION YP YP YP YP YP YP YP YP
TEETH DATA CAL DATA CAL DATA CAL DATA CAL
10 .535 .5 li-7 .556 »565 .568 ©567 .57^ .562
12 .561 .567 *590 *591 «.597 ©599 .598 .599
1^ .586 »585 «618 «61^ ©626 ©628 .635 .633
16 .605 .601 ,6'n .635 .655 .653 ©669 .663
18 e6 l 6 .615 .658 .65^ .6 7 5 .677 .692 .691
20 «626 ©628 .671 .672 ©700 .699 .716 ©717
22 .630 .629 ©680 .687 .718 .71'i ©730 ©730
2k .630 <.629 .695 ©700 ©732 ©728 .7'H .7^3
26 .630 .630 ©711 ©713 .7^1 .7^2 ©750 ©755
28 ©628 .630 *725 .726 *753 .7 5 5 .765 .767
30 .625 .625 .7^0 .737 .765 .7 6 7 ©777 ©777
35 .6 5 3 .655 <,76^ .76^ ©790 .7 9 5 .805 .802
ko .690 ©681 .788 .788 .810 .819 ©828 .823
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TABLE 29
GEAR RATIO 5 7 .5 10
PINION YP YP YP YP YP YP
TEETH DATA CAL DATA CAL DATA CAL
10 .576 .569 *579 .581 o582 .589
12 .605 0606 .615 .619 .620 ©628
1^ *6kk .6^0 .655 .653 ©662 «663
16 .675 .670 .685 .68h .695 .695
18 *701 .699 .712 *713 .719 .72A
20 «723 *725 .733 . 7*1-0 .7^9 *751
22 .736 *739 .7V7 .75^ .756 .765
2k .7^8 *752 .762 .766 .768 •777
26 .762 .76^ *773 *778 ©7oO *789
28 .775 *775 .788 .789 «79^ 0801
30 .789 .786 *799 *799 08O8 .811
35 .816 .811 .825 .823 .833 .835
ho .836 .833 .850 08AA • 8.93 .857
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TABLE.¿O
KUNMING 
TIME HRS. 1 Y2 1 x2
log
Y1
log
Y2
log log Slope 
X1 X2 b
SPEED RANGE 0.1 - 10 R0P bm 0
1 1.28 0.81 0.1 10 0c107 To909 T 1 -0099
6 .98 .64 0.1 10 T .989 T„ 805 T 1 -0O92
2k o79 .53 0«1 10 T0898 T.724 T 1 -.os?
AVERAGE: -0O93
SPEED RANGE 10 - 100 RoPe
1 .82 e6o 10 100 T„914 T.778 1 2 -.136
6 „64 e*f6 10 100 T0806 T .663 1 2 -.143
2A e53 .38 10 100 T .720 1.574 1 2 -.146
- M . ..... - - .. - AVERAGE: -.142
SPEED RANGE 100 - 1000 R*P.M.
1 *6o o39 1Ó0 1000 T .778 To393 2 3 -.185
6 .47 •30 100 1000 T.670 T.477 2 3 -«193
2¿f .38 •25 100 1000 T .574 T.398 2 3 •*«176
AVERAGE : -.185
SPEED RANGE 1000 - 10,000 R.P.M.
. i i , 
1 .40 «19 1000 10000 T.602 T .288 3 Li -.314 '
6 «31 «13 1000 10000 T.491 T .176 p Lt -«313
2k e23 .13 1000 10000 t .403 T.097 3 k -o3i1
AVERAGS : *"« 13
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TABLE 31
SPEED
R.P.M.
Y1 Y2 X1 X2 log
Yi
log
Y2
log
xi
log
x2
Slope
c
10 o.8o 0*52 1 2k Te 903 T .716 0 1.380 -.13 5
100 0.60 0.38 1 2k T .778 T .580 0 1.380 -.1 hk
1000 0.39 0e25 1 2k To591 T .389 0 1.380 *” © 1 &
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TABLE 32
RUNNING 
time HRS.
Y1 Y2 xi x2 log
Yi
log
Y2
log
X1
log
X2
Slope
a
SPEED RANGE 0.1 « 10 R.P.M.
1 3.6 1.43 0.1 10 0.556 0.133 T 1. •-.200
12 1.6 0.63 0.1 10 0.204 T.799 T 1. •" o202
2 k 1.23 0.49 0.1 10 0.097 T0690 T 1a -»203
AVERAGE : -.201
SPEED RANGE 10 -- 100 R.P.M.
1 1 *^6 0.94 10 100 0.164 T.973 1. 2. «»191
12 0.63 0.41 10 100 To799 T .613 1 . 2. - .18 7
2 k 0.^9 0*32 10 100 T .695 T.503 1. 2 a -.18 9
AVERAGE: -» © 189
SPEED RANGE 100 - 1000 R.P.M.
1 o.9'f 0.62 100 1000 T.973 T .789 2. 3« -.18^
12 o.M Oc27 100 1000 T .613 T .431 2. 3© -.18 1
2 k 0.32 0.21 100 1000 T .305 T.322 2. 3a -.183
AVERAGE : -.183
SPEED RANGE 1000 - 10,000
1 Oc6k 0.30 1000 10000 To 806 T .477 3o 4. -.329
12 Oo 27 0.13 1000 10000 T .431 T.127 3© 4. -.30^
z k 0.22 0.11 1000 10000 t .342 T .021 3« 4. -»321
AVERAGE : -.318
-  1J2 -
TABLE 33
SPEED
R*P.M. *1 Y2 X1 X2
log
Y1
log
Y2
log
X1
log
X2
Slope
cl
10 1.^5 0.49 1 2k 0.161 T.690 0* 1.380 0.340
100 0.93 0*3 2 1 2k T .969 T.505 0 * 1.380 0.336
1000 0.61 0.28 1 10 T .785 T.447 0* 1« 0.338
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TABLE 34
R.P.M. < EQRT
HRS
xc
CAL
XC
DATA
XB
CAL
XB
DATA
© 1 2 2.88 2.63 1.12 1.15
©1 8 1.80 1.66 .93 . 9 k
©1 18 1.36 1.26 .83 .82
.5 2 2.09 2*10 .96 .99
.5 8 1 ©30 1.30 .80 .80
•5 18 ©99 1 © 00 ©72 ©72
1© 1 2.30 2.28 ©99 1.01
1© 12 .99 1.00 .71 ©70
1© 2 k .78 .78 .65 .64
3° 1 1.84 1.82 ©90 .92
3. 12 ©79 .79 .64 .64
3. 2 k .63 .63 .58 •59
10 2 1.15 1.14 .73 ©7k
10 8 ©72 ©72 .60 .61
10 18 .54 .54 .54 .54
30 2 ©93 .93 .62 065
30 8 .58 .38 .32 .53
30 18 .44 .44 .46 .48
TABLE 35
i— j>r.Mj.jnr^w3P»criw mu. m<mm
R.P.Mo EQRT
HRS
XC
CAL
XC
DATA
XB
CAL
XB
DATA
100 1 .93 .93 061 . .6 0
100 12 , h O 0̂ +1 * h 3 .¿f2
100 2 k © j?2 «32 .39 .38
500 1 •70 .70 . h h • Mf
500 12 .30 •30 • 31 •31
500 2 k . 2 h „ 2 h .2 8 .2 8
1000 2 . h 8 eh 8 .35 .3 5
1000 8 030 •30 .29 • 29
1000 18 • 23 •23 ®26 .2 6
3000 2 .3^ .3 6 • 25 • 26
3000 8 • 21 .22 • 20 • 21
3000 18 .1 6 .17 .1 8 • 19
5000 1 .37 .3 8 .2h , 2 h
5000 12 .1 6 0I6 • 16 • 17
5000 2 k .12 .1 3 .1 5 • 15
10,000 1 •29 •30 • 19 • 19
10,000 12 • 13 • 1 2 • 13 •13
10,000 2*f .10 • 10 .1 2 • 12
1 3 5  -
TABLE 36
TP R INTEGER FRACTION
10 5.000 50
12 2.500 30
16 1.700 27*20
20 1.000 20
20 1.300 26
10 1.001 10.01
25 2.100 52.50
50 1.700 85
14 1.^25 19*95
17 1.000 17
15 .500 7*5
29 2.900 84.1
15 2.000 30
24 if. 000 96
40 1.200 48
TABLE 37
Number of 
Pinion Teeth 
Spur Gears
10
15
17
22
25
55
50
REMARKS
Smallest practical number with 20 pressure angle* Requires long 
addendum to avoid undercut* Contact ratio may be critical in very fine 
pitches* Poor wear characteristics*
Used where strength is more important than wear* Requires long addendum 
to avoid undercut*
Minimum number of teeth for conjugate action*
No undercutting with 2 0 °  standard addendum rack cutter*
Allows good balance between strength and wear for hard steels* 
is well away from critical base-circle region®
If made of hard steels, strength may be more critical than wear 
made of medium-hard (Rockwell C3 0 ) steels strength and wear about equal 
Excellent wear resistance® Favoured for high-speed gearing because of 
quietness* Critical on strength on all but low-hardness pinions*
Contact
i-i
ON
-  137
TABLE 38 
STANDARD PITCHES
.3 0 «75 1.00
2*75 3*00 3.50
10*00 11 .00 12.00
19*00 0000CM 22.00
34.00 36.00 38.00
56.OO 60.00
1.25 I.5O 1.75
4.00 5oOO 6.00
00er*~\r~ 14.00 15.00
24.00 25*00 26.00
40.00 42*00 44.00
2.00 2*25 2*50
7.00 8.00 9*oo
16.00 17*00 18*00
28.00 30 * 00 32*00
46.00 48.00 50*00
-  138
SELECTION OF STANDARD PITCH
Helix
Angle
Dummy
Variable
Plane
PM IN 
(DATA)
PNORM PTRAN
0 1 e A O o30 .50
0 -1. A O o30 .50
0 0. A o o50 .50
30 1. 2.00 2.31 2.00
30 -1. 2 «00 2.25 1 *95
30 Oo oo«CVJ 2.31 2.00
30 1* 2.7^ 3.18 2.75
30 1 . 2.76 3.18 2.75
13 1 . 3 1e00 32.00 30.91
NOTE : PLANE = -1 0
- 0.
NORMAL
TRANSVERSE
1 OPTIMUM
TABLE -  JW)
• • *PPS .  • . . . PP U « . . . .PWS.. . . .PWW#. • .  9 1 F F . • • .CF • • —1 T> .ANGLE
2 . 4 4 6 8 1 . 9 9  21 4 . 9 1 7 1 4 . 8 4 8 7 5 . 8 5 0 1 23 20 152 .  if 4 6 6 1 . 9 9 2 1 2 . 5 8 3 3 2 . 2 1 4 4 1 . 6 4 7 2 23 20 152 . 4 4 6 8 1 . 9 9  21 3 . 6 9 6 9 3 . 1 7 0 4 3 . 4 0 9 7 23 20 1513 . 7 8 6 6 3 . 2 3  97 4 . 9 1 7 1 4 . 8 4 8 7 3 . 3 5 4 9 23 20 153 . 7 8 6 8 3 . 2 3 9 7 2 . 5 8 3 3 2 . 2 1 4 4 3 . 1 4 4 8 23 20 153 . 7 8 6 8 3 . 2 3 9 7 3 . 6 9 6 9 3 . 1 7 0 4 2 . 1 4 7 2 23 20 15
5 . 0ÖQ2 3 . 7 4 4 5 4 . 9 1 7 1 4 . 6 4 8 7 2 , 6 4 8 3 23 20 15
5 . 0 0 Q 2 3 . 7 4 4 5 2 . 5 8 3 3 2 . 2 1 4 4 5 . 5 7 1 8 23 20 155*. 0 0 02 3 . 7 4 4 5 3 . 6 9 6 9 3 • 1 7  04 3 , 6 5 9 6 23 20 152 . 6 7 5 2 2 . 3 1 7 8 5 . 4 0 0 3 5 . 6 4 1 4 6 . 6 4 7 2 23 25 15
2 . 6 7 5 2 2 . 3 1 7 8 2 . 8 3 7 1 2 . 5 7 6 4 i . 2 3 6 3 23 25 15
2 . 6 7 5 2 2 . 3 1 7 8 4 . 0 6 0 2 3 . 6 8 8 7 3 . 4 8 4 8 23 25 15
4 . 1 4 0 3 3 . 7 6 9 3 5 . 4 0 0 3 5 . 6 4 1 4 3 . 7 4 4 1 23 25 15
4 . 1 4 0 3 3 . 7 6  93 2 . 8 3 7 1 2 . 5 7 6 4 3 . 1 2 7 9 23 25 15
4 . 1 4 0 3 3 . 7 6 9 3 4 . 0 6 0 2 3 . 6 8 8 7 1 . 4 8 4 8 23 25 15
5 . 4 6 7 1 4 . 3 5 6 7 5 . 4 0 0 3 5 . 6 4 1 4 2 . 5  69 4 23 25 15
5 . 4 6 7 1 4 . 3 5 6 7 2 . 8 3 7 1 2 . 5 7 6 4 5 . 7 8 1 4 23 25 15
5 . 4 6 7 1 4 . 3 5  67 4 . 0 6 0 2 3 . 6 8 8 7 3 . 5 5 6 7 23 25 15
2 . 8 7 7 6 2 . 6 2 3 0 5 . 8 3 0 0 6 *38 44 7 , 5 2 2 6 23 30 15
2 . 8 7 7 6 2 .  62 30 3 . 0 6 2 9 2 . 9 1 5 7 0 , 8 7 9 6 23 3 0 15
2 . 3 7 7 6 2 . 6 2 3 0 4 . 3 8 3 3 4 . 1 7 4 5 3 , 5 2 0 5 23 30 15
4 . 4 5 3 5 4 . 2 6 5 8 5 . 8 3 0 0 6 , 3 8 4 4 4 , 2 3 7 2 23 3 0 15
4 . 4 5 3 5 4 . 2 6  58 3 . 0 6 2 9 2 . 9 1 5 7 3 . 0 7 5 7 23 3 0 15
4 . 4 5 3 5 4 . 2 6 5 8 4 . 3 8 3 3 4 . 1 7 4 5 0 . 7 9 3 1 23 30 15
5 . 8 8 0 7 4 . 9 3 0 4 5 . 8 3 0 0 6 . 3 8 4 4 2 . 9 0 7 3 23 30 15
5 . 3 8 0 7 4 . 9 3 0 4 3 . 0 6 2 9 2 . 9 1 5 7 5 , 9 3 0 0 23 30 15
5 . 8 8 0 7 4 . 9 3  04 4 . 3 8 3 3 4 . 1 7 4 5 3 . 4 1 2 3 23 3 0 15
‘ 3 . 0 6 0 6 2 . 9 1 2 3 6 . 2 2 0 0 7 . 0 8 8 4 8 . 3 5 2 2 23 35 15
3 . 0 6 0 5 2 . 9 1 2 3 3 . 2 6 7 7 3 . 2 3 7 2 0 . 7 1 0 9 23 3 5 15
3 . 0 6 0 6 2 . 9 1 2 3 4 . 6 7 6 5 4 . 6 3 4 8 3 . 5 2 8 4 23 35 15
4 . 7 3 6 6 4 . 7 3 6 1 6 . 2 2 0 0 7 . 0 8 8 4 4 . 7 0 4 4 23 35 15
4 . 7 3 6 8 4 . 7 3  61 3 . 2 6 7 7 3 , 2 3 7 2 2 . 9 9 9 2 23 3 5 15
4 . 7 3 6 8 4 . 7 3  61 4 . 6 7 6 5 4 , 6 3 4 8 0 , 2 u 3 9 23 3 5 15
6 . 2 5 4 7 5 . 4 7  41 6 . 2 2 0  C 7 , 0 8 8 4 3 , 2 2 8 5 23 35 15
6 . 2 5 4 7 5 . 4 7 4 1 3 . 2 6 7 7 3 . 2 3 7 2 6 , 0 3 5 0 23 3 5 15
6 . 2 5 4 7 5 . 4 7  41 4 . 6 7 6 5 4 . 6 3 4 8 3 . 2 3 9 7 23 35 1 5
2 . 6 1 2 6 2.  1371 5 . 2 5 0 4 5 . 2 0 1 6 6* 2 265 28 2 0 15
2 . 6 1 2 6 2 . 1 3 7 1 2 . 7 5 8 3 2 , 3 7 5 5 1 . 7 1 6 7 28 20 15
2 . 6 1 2 6 2 . 1 3 7 1 3 . 9 4 7 5 3 . 4 0 1 2 3 . 6 2 0 8 28 2 0 15
4 . 0 4 3 4 3 . 4 7 5 5 5 . 2 5 0 4 5 . 2 0 1 6 3 . 5 4 9 8 28 20 15
«o »PPS» « o o « PP Hoe e o o P W S . n o o • P H t'l n a . e O I F F . a • «CF a a TP a A MG L
4 o 0 ¿> 3 4 3 « 47 55 2 . 7 5 8 3 2 . 3 7 5 5 3 . 3 3 5 7 23 20 154 a 0 434 3 « h l  55 3 . 9 4  7 5 3 . 4 0 1 2 2 . 2 2 8 4 28 2 0 155 o 3 3 91 ¿f « 0170 5 . 2  5 0 ¿f 5 . 2 0 1 6 2 . 7 4 1 6 28 2 0 155 o 3 o 91 ¿>. 0170 2 . 7 5 3 3 2 . 3 7 5 5 5 . 9 2 7 2 28 20 155 . 3 3 9 1 4 . 0 1 7 0 3 . 9 4 7  5 3 . 4 0 1 2 3 . 8 7 5 9 2 8 2 0 152 o d 565 2 .  ¿>8 65 5 . 7 6 6  2 6 . 0 5 2 0 7 . 1 3 1 0 28 25 152 o 8 5 65 2 a ¿> 8 65 3 . 0 2 9 3 2 . 7 6 3 9 1 . 2 7 1 0 28 25 152 © 5 565 2 .  ¿>8 65 ¿ f .335 3 3 . 9 5 7 2 3 . 6 9 7 7 28 25 154 042Ö9 4» 0¿> 37 5 . 7 6 6 2 6 . 0 5 2 0 4 . 0 1 6 6 28 25 154 e 4 2 ü 9 4 .  0 ¿> 3 7 3 . 0 2 9 3 2 . 7 6 3 9 3o 3140 28 25 15¿*«<»209 4 . 0 4  37 4 . 3 3 5 3 3 . 9 5 7 2 1 . 5 1 0 7 28 25 155o 8 376 4 « 67 38 5 . 7 6 6 2 6 . 0 5 2 0 2 . 7 5 6 4 28 25 155 « 8376 67 38 3 . 0 2 9 3 2 . 7 6 3 9 6 . 1 4 7 4 28 25 15
5 . 8 3 7 6 ¿f» 67 38 4 . 3 3 5 3 3 . 9 5 7 2 3 . 7 6 0 7 28 25 153 . 0 7 2 6 2 . 8 1 3 9 6 . 2 2 5 1 6 . 8 4 9 D 8 . 0 7 0 1 28 30 153 . 0 7 2 6 2 . 8 1 3 9 3 . 2 7 0 4 3 . 1 2 7 9 0 . 9 1 3 0 28 3 0 15
3 . 0 7 2 6 2.  9 139 4 . 6 8 0 3 4 . 4 7 8 3 3 . 7 3 2 8 28 3 0 15
4 * 7  553 ¿f . 5 7 6 2 6 . 2 2 5 1 6 . 8 4 9 0 4 .  5 4 5 6 28 3 0 1 54 . 7 5 5 3 4a 57 62 3 . 2 7 0 4 3 . 1 2 7 9 3 . 2 5 4 9 28 30 15
4 . 7 5 5 3 ¿ f . 5762 4 . 6  8 ö 3 4 . 4 7 8 3 O . 7 622 28 3 ü 15
6 . 2 7 9 2 5 . 2 8 9 3 6 . 2 2 5 1 6 . 8 4 9 0 3 . 1 1 9 5 28 3 0 15
6 . 2 7 9 2 5 . 2 8 9 3 3 . 2 7 0 4 3 . 1 2 7 9 6 . 3  û 2 7 28 3 0 1 5
6 . 2 7 9 2 5 .  28 93 4 . 6 8 0  3 4 . 4 7 8 3 3 . 6 0 1 7 28 30 15
3 . 2 6 8 1 3o 12 ¿í2 6 o 6 4 i  5 7 . 6 0 4 2 8 . 9 6 0 0 28 35 1 5
3 . 2 6 8 1 3* 1242 3 . 4 8 9 2 3 c ¿>7 28 0 o 7 299 26 35 15
3 . 2 6 8 1 3 . 1 2 4 2 4 . 9 9 3 4 4 . 9 7  22 3 o 7 38 3 28 3 5 15
5 . 0 5 7 8 5 .  08 08 6 . 6 4 1 5 7 . 6 0 4 2 5 . 0 9 2 9 23 3 5 15
‘ 5 . 0 5 7 8 5 . 0 8  03 3 . 4 8 9 2 3 . 4 7 2 8 3 . 2 1 6 1 28 35 15
5 o 0578 5 .  08 08 4 . 9 9 3 4 4 . 9 7 2 2 0 . 2 1 7  3 28 35 15 *
6 . 6 7 8 6 5 . 9 7  25 6 . 6 4 1 5 7 . 6 0 4 2 3 . 4 6 3 4 28 3 5 1 5
6 . 6 7 8 6 5 . 8 7 2 5 3 . 4 8 9 2 3 . 4 7 2 8 6 . ¿> 11 6 28 35 15
6 . 6 7  86 5 .  87 75 4 . 9 9 3 4 4 . 9 7 2 2 3 . 4 1 2 6 23 35 15
2 . 7 5 9 7 2 . 2 6 6 3 5 . 5 4 5 9 5 . 5 1 6 0 6 . 5 5 9 4 33 2 0 15
2 . 7 5 9 7 2 . 2 6 6 3 2 . 9 1 3 6 2 . 5 1 9 1 1 . 7 7 5 9 33 ¿ L 15
2 . 7 5 9 7 2 . 2 6 6 3 4 . 1 6 9 7 3 . 6 0 6 7 3 . 8 0 6 9 33 20 15
4 . 2 7 1 0 3 . 6 8  55 5 . 5 4 5 9 5 . 5 1 6 0 3 . 7 2 0 6 33 2 0 15
4 o 2 7 i 0 3 . 6 8  55 2 . 9 1 3 6 2 . 5 1 9 1 3 . 5 0 3 9 33 20 15
4 . 2 7 1 0 3« 68 55 4 . 1 6 9 7 3 . 6 0 6 7 2 . 2 9 6 9 33 2 C i  6
5 . 6 3 9 7 ¿ f .2598 5 . 5 4 5 9 5 . 6 1 6 0 2 . 8 1 9 6 33 2 0 15
5 . 6 3 9 7 ¿f. 2598 2 . 9 1 3 6 2 . 5 1 9 1 6 . 2 4 1 2 33 2 0 15
•••PPS....,PPW.... .PMS » »...PUH.•. .QIFF • ••.CF..TP.ANGLE
5 . 6 3 9 7 ¿*«25 98 *> . 1697 3 . 6 0 6 7 4 . 0 6 5 9 33 20 15
3 . 0 1 7 3 2© 63 68 6 « 0 90 8 6 .  *>177 7 . 5 6 2 0 33 25 15
3 . 0 1 7 3 2 « 63 68 3 * 1 9 9 9 2 . 9 3 0 9 1 . 2 9 9 1 33 25 15
3 . 0 1 7 3 2 o6 3 6 8 4 . 5 7 9 4 *> .1963 3 . 8 8 5 3 33 2 5 15
^ . 6 6 9 3 4 .  28 81 6 . 0  90 0 6 .  *>177 4 .  2 59 4 33 25 15
o 6 & 9 3 ¿>«28 81 3 ©1999 2 . 9 3 0 9 3 . 4 7 7 7 33 25 15t j . 6 6 9 3 ¿>«28 81 4 . 5 7 9 4 *>.19 63 1 . 5 2 9 5 33 25 15
6 . 1 6 6 2 ¿>«95 62 6 o 0908 6. *>177 2 . 9 2 3 0 33 25 15
6 . 1 6 6 2 4 . 9 5  62 3 . 1 9 9 9 2 . 9 3 0 9 6 . 4 7 0 6 33 25 15
6 . 1 6 6 2 **«95 62 h  . 5 7 9 4 *> .1963 3 . 9 3 9 7 33 25 15
3 . 2 6 5 6 2 «98**0 6 . 5 7 5 6 7 . 2 6 2 9 8 . 5 5 7 9 33 30 15
3 . 2 6 5 6 2 .  98 40 3 © 4 5 45 3* 3 169 0 . 9 4 1 1 33 30 15
3 . 2 6 5 6 2 . 9 8 4 0 h  © 9*>3 8 ** • 7 ** 9 ü 3.  9 1 9 6 33 30 15
5 . 0 2 3 0 **«85 28 6 . 5 7 5 6 7 . 2 6 2 9 4 . 8 2 0 3 33 30 15
5 . 3 2 3 0 ho 85 28 3 © 4 5 45 3 . 3 1 6 9 3 . 4 1 2 3 33 3 C 15
5 . 3 2 3 0 **«85 28 h  o 9*>38 4 . 7 *> 9 0 0.  7 3 0 2 33 30 15
6 . 6 3 2 7 5« 60 89 6 . 5 7 5 6 7 . 2 6 2 9 3 . 3 0 8 0 33 30 156 . 6 3 2 7 5c 60 89 3 ©4545 3 . 3 1 6 9 6 . 6 3 1 6 33 3 0 15
6 . 6 3 2 7 5a 60 89 h  © 943  ô 4 . 7 4 9 0 3 o 7 67 4 33 oS_J 15
3 . 6 5 2 0 3 o 31 3 0 7 . 0 1 5 4 8 . 0 6 3 3 9c 5 015 33 3 5 15
3 . 6 5 2 Û 3 o 3130 3 . 6 8 5 6 3 . 6 8 2 6 0 . 7 4 5 1 33 35 15
3 . 6 5 2 Q 3 e 3130 5 . 2 7 4 5 5 . 2 7 2 7 3 . 9 2 2 9 33 3 5 15
5 . 3 6 2 5 5« 38 79 7 o 0 Í  5 4 8 . 0 6 3 8 5o 442  6 33 35 15
5 . 3 6 2 5 5 * 3 8  79 3 . 6 8 5 6 3 . 6 8  26 3 . 4 1 0 5 33 35 15
5 . 3 6 2 5 5« 38 79 5.27* f r5 r- o  *7V  . £- / 1. f 0 . 2 3 0 5 33 35 15
7 . 0565 6« 22 74 7 . 0 1 5 * * 8 . 0 6 3 0 3 . 6 7 2 8 33 35 15
7 . 3 5 65 6 ¿ 2 2 7 4 3 . 6 8 5 6 3 . 6 0 2 6 6 . 7 4 3 7 33 35 15
•7 .0  565 6© 22 74 5 « 2 7 4 5 5 . 2 7 2 7 3 . 5 6 3 7 33 35 15
2 . 6 0 2 3 2© 0 o 17 *> .8277 4 . 9 4 5 G 5 . 8 2 5 7 23 o nc_ u 20
2 . 6 0 2 3 2« £33 17 2 « 536 3 2 . 2 5 8 3 1.  2 9 7 1 23 o n c. 2 0
2 . 6 0 2 3 2 © 0317 3 . 6 2 9 7 3 . 2 3 3 4 3 . 1 9 6 0 23 2 u 2 0
3 . 7 1 7 9 3 o 30 41 * * . 8 2 7 7 4 . 9 4 5 G 3 . 2 3 1 9 23 20 2 n
3 . 7 1 7 9 3 © 3 0 41 2 . 5 3 6 3 2 . 2 5 8 3 2 . 9 1 9 1 23 2 0 20
3 . 7 1 7 9 3 © 3 0 4 Ì 3 . 6 2 9 7 3«2334 1 . 5 2 0 3 23 2 0 20
6 . 9 0 9 3 3 . 8 1 8 9 * * . 827  7 4 . 9 4 5 0 2 . 2 5 2 3 23 20 2 0
6 . 9 0 9 3 3 . 8 1 8 9 2 « 536 3 2 . 2 5 8 3 5 .  301.9 23 20 20
6 . 9 0 9 3 3 « 8 189 3 . 6 2 9 7 3 . 2 3 3 4 3 . 3 5 1 6 23 2 0 20
2 . 6 2 6 6 2« 3 6 3 8 5 . 3 0 2 0 5 . 7 5 3 5 6 . 7 7 9 2 23 25 •n n c •'
2 . 6 2 6 6 2 . 3 6 3 8 2 . 7 8 5 5 2 . 6 2 7 5 0 . 8 4 3 3 23 25 2 0
2 . 6 2 6 6 2 © 36 38 3 . 9 8 6 3 3 . 7 6 2 0 3 . 2 4 5 0 23 25 20
« »PPS« « • • • PP No « a o oPWS.o . . «PNN«• « » 0 I F F . « . .CF . « TP •ANGLE
*4 .0650 3 « 8 ** **2 5 . 3 0 2 0 5 . 7 5 3 5 3 . 8 1 8 5 23 25 20*4« 065  ö 3o8*f iy2 2 . 7 8 5 5 2 . 6 2 7 5 2 . 87*4  9 23 25 2 0
*4 o 0 6 5 ö 3 o 8** **2 3 . 9 8 6 3 3 . 7 6 2 0 0 . 8 9 0 2 23 25 20
5o 3 6 7 6 *4 o *>*> 32 5 . 3 0 2 0 5 . 7 5 3 5 2 . 6 2 0 5 23 2 5 20
5 . 3 6 7 5 **.*4*4 32 2 . 7 8 5 5 2 . 6 2 7 5 5* *4802 23 25 20
5 o 3 6 7 6 **.*4*4 32 3 . 9 8 6 3 3 . 7 6 2 0 3« 2 1 1 3 23 25 20
2 o 8 253 2 e 6 7 5 1 5 .72 *>0 6 . 5 1 1 2 7 . 6 7 2 1 23 30 2 0
2 . 8 2 5 3 2o 67 51 3 . 0 0 7 2 2 . 9 7 3 6 0 .66*40 23 3 0 2 0
2 . 8 2 5 3 2 . 6 7 5 1 *4 . 3036 *4.257*4 3 . 2 5 6 9 23 3 0 20
¿4*© 3725 **. 35 05 5 .72*5- 0 6 . 5 1 1 2 *4. 321*4 23 3 0 20
**«3725 * 4 . 3 5 Ö5 3 . 0 0 7 2 2 . 9 7 3 6 2 . 7 9 7 9 23 30 2 0
* * . 3 7 2 5 **» 35 05 ¿4.3036 *4.257*4 0« 2 3 0 2 23 30 20
5 »7737 5 . 0  2 8 *4 5 . 72 *40 6 . 5 1 1 2 2 . 9 6 5 6 23 30 2 0
5« 7 7 3 7 5 . 028 *4 3 . 0 0 7 2 2 . 9 7 3 6 5 . 6 0 0 3 23 30 205 « 7 7 3 7 5 . 0 2  8*4 * * . 3 0 3 6 *4.257*4 3 . 0 3 2 6 23 3 0 2 0
3 • 0 0 5 0 2 . 9 7  01 6 o 10 68 7 . 2 2 9 1 8« 5 1 8 0 23 35 20
3®0 050 2 . 9 7 0 1 3 . 2 0 8 3 3 . 3 0 1 5 0 . 6 6 2 7 23 35 2 ö
3 » 0 050 2 . 9 7 0 1 *4.591*4 *4 .7269 3 .  5 1 3 6 23 35 20
* * . 65  06 *f © 8 3 0 2 6 . 1 0 6 8 7 . 2 2 9 1 5 , 1 5 7 0 23 3 5 20
**o 6 506 *4.83 02 3 . 2 0 8 3 3 . 3 0 1 5 3.2*43 8 23 35 20
* * . 6 5 0 6 *4 .8302 *4.591*4 ¿4.7269 0 . 6 3 0 1 23 35 20
6o 1*4-09 5 . 5 8 2 8 6 . 1 0 6 8 7 . 2 2 9 1 3 . 2 9 2 6 23 35 20
6 o 1 *4- 0 9 5 o 58 28 3 . 2 0 8 3 3 . 3 0 1 5 5 . 8 6 5 3 23 35 20
6 o 1 *4- 0 9 5 . 5 8 2 8 *4.591*4 *4.72 69 3 . 0 9 9 0 23 35 2 0
2o 5 6 5 1 2 . 1 7 9 5 5 o 15 *4 9 5 o 3 0 *4 9 6 . 2 5 0 7 28 20 20
2 o5651 2 . 1 7 9 5 2 . 7 0 8 2 2 .¿4227 1 . 3 *420 23 20 20
2 o 5 6 5 í 2 o 1795 3 . 8 7 5 7 3 .  ¿>6 87 3 . 3 9 2 3 28 20 20
3 . 9 6 9 8 3.5*4*45 5 . 1 5 * *  9 5 . 3 0  *49 3 . 5 2 0 8 28 2 0 2 0
3o 9693 3« 5*>*>5 2 . 7 0 8 2 2**4227 3 . 0  9*43 28 20 2 0
3 o 9 6 9 8 3 * 5*4- *4 5 3 . 8 7 5 7 3 .  *4687 1 . 6  €> *4 6 2 8 20 20
5 . 2**20 *f« 0 968 5 .1 5 *49 5 , 3  0 *49 2 * *f 16 2 28 20 2 ö
5 . 2 * * 2 3 **•0 9 68 2 . 7 0 8 2 2.*42 27 5 . 6 3 3 6 28 2 0 2 0
5 . 2 * *  20 *4« 0968 3 . 8 7 5 7 3 .  *4637 3 .  5*465 28 2 0 2 0
2 . 8  0*46 2 . 5 3  59 5 .661 *4 6 . 1 7 2 2 7 . 2 7 2 6 28 25 2 0
2o 80*4-6 2 . 5 3 5 9 2 .97*42 2 * 8 1 8 8 0 , 8 7 6 7 2 8 25 2 0
2 .80*46 2 . 5 3  59 *4 .2565 *4.03 56 3 .  *4*412 28 25 2 û
*4 o3 *4 U 5 * * . 1 2 * í O 5 .661 *4 6 . 1 7 2 2 *4.0 96*4 28 25 20
**«3**05 **. 12*40 2 . 97*42 2 o 818  B 3.0*43*4 28 25 20
**«3**05 i f ,  12¿f0 *4 .2565 *4 .035 8 0 .67*43 2S 25 20
5 «7 3 1 ^ *4© 7 6 6 6 5 .661*4 6 . 1 7 2 2 2 . 8 1 1 2 28 25 20
- 1 i+3 -
' » «P P S . • ...PPM.. . . *PWS ». ..Mattoa.«*« • • O I F F . . . . C F . . T P . ANGL
5 . 7 3 1 4 <* .7666 2 . 9 7 4 2 2 , 8 1 8 8 5 . 3 2 5 2 28 25 205 o 7 31 4 <*.76 66 4 . 2 5 6 5 4 , 0 3 5 8 3 . 3 9 1 2 28 25 203 . 0 1 6 7 2 . 8 6  98 6 . 1 1 1 9 6 . 9 8 5 0 8 . 2 3 0 4 28 30 203 . 0 1 6 7 2 . 8 6 9 8 3 . 2 1 0 9 3 , 1 9 0 0 0 . 6 3 2 2 28 3 0 2 03 . 0 1 6 7 2 . 8 6 9 8 4 . 5 9 5 2 4 . 5 6 7 3 3 . 4 5 0 8 28 3 0 2 04 . 6 6 0 8 <*.66 71 6 . 1 1 1 9 6 . 9 8 5 0 4 . 6 3 5 9 28 30 2 04 . 5 6 8 8 <*.66 71 3 . 2 1 0 9 3 , 1 9 0 0 2 . 9 5 7 7 23 30 20
4 . 6 6 8 8 4 .  66 71 4 . 5 9 5 2 4 . 5 6 7 3 0 . 2 0 3 1 28 3 C 20 *
6 . 1 6 5 G 5 . 3 9  43 6 . 1 1 1 9 6 . 9 8 5 0 3 . 1 8 1 4 28 30 2 0
6 . 1 6 5 0 5 . 3 9  <*3 3 . 2 1 0 9 3 . 1 9 0 0 5 , 9 5 0 0 28 30 20
6 . 1 6 5 0 5 .  39<*3 4 . 5 9 5 2 4 , 5 6 7 3 3 , 1 9 5 4 28 30 20
3 . 2 0 8 6 3 . 1 8 6 3 6 . 5 2 0 7 7 . 7 5 5 3 9 . 1 3 8 0 28 35 20
3 . 2 0 8 6 3 . 1 8 6 3 3 . 4 2 5 7 3 . 5 4 1 7 0 . 7 1 0 9 28 35 20
3 . 2 0 8 6 3«18  63 4 . 9 0 2 6 5 , 0 7 0 9 3 . 7 6 9 3 28 35 20<* .9658 5 . 1 8 1 7 6 . 5 2 0 7 7 . 7 5 5 3 5 . 5 7 9 0 28 35 20
<* .9658 5 . 1 3 1 7 3 . 4 2 5 7 3 . 5 4 1 7 3 . 5 1 2 1 28 3 5 20
4 .  9 658 5 . 1 8 1 7 4 . 9 0 2 6 5 . 0 7 0 9 0 . 7 6 8 6 28 35 20
6 . 5 5 7 1 5 . 9 8  92 6 . 5 2 0 7 7 . 7 5 5 3 3 , 5 3 2 2 28 35 20
6 . 5 5 7 1 5 .  9 8 9 2 3 . 4 2 5 7 3 . 5 4 1 7 6 .  2 6 2 7 28 35 20
6 . 5 5 7 1 5 . 9 8 9 2 4 . 9 0 2 6 5 . 0 7 0 9 3 o 3 09 Q 28 35 2 0
2 . 7 0 9 5 2 . 3 1 1 3 5 . 4 4 5 1 5 « 62 55 6 . 6 2 8 5 33 2 0 2 0
2 . 7 0 9 5 2 . 3 1 1 3 2 . 8 6 0 6 2 . 5 6 9 1 1 . 3 7 9 5 33 2 0 2 0
2 . 7 0 9 5 2 . 3 1 1 3 4 . 0 9 3 9 3 . 6 7 8 3 3 , 5 6 5 2 33 20 20
<* .1933 3 . 7 5 8 7 5 . 4 4 5 1 5 . 6 2 5 5 3 . 7 3 3 6 33 20 20
<* .1933 3 . 7 5  87 2 . 8 6 0 6 2 . 5 6 9 1 3 . 2 4 0 4 33 20 20
<* .1933 3 * 7 5 8 7 4 . 0 9 3 9 3 . 6 7 8 3 1 , 7 0 0 2 33 20 20
5 . 5 3 7 1 <*« 34  44 5 . 4 4 5 1 5 . 6 2 5 5 2 , 5 6 2 2 33 20 20
5 . 5 3 7 1 <*. 3 4 4 4 2 . 8 6 0 6 2 . 5 6 9 1 5 , 9 3 5 9 33 20 20
5 . 5 3 7 1 <* « 3 <* 4 . 0 9 3 9 3 , 6 7 8 3 3 ,7 1 / 6 33 2 0 2 0
2 . 9 6 2 5 2 . 6 8  91 5 . 9 8 0 1 6 . 5 4 5 2 7 , 7 1 2 2 33 25 20
2 . 9 6 2 5 2 . 6 8 9 1 3 . 1 4 1 7 2 , 9 8 9 1 0 . 9 0 5 1 33 25 20
2 . 9 6 2 5 2 . 6 8 9 1 4 . 4 9 6 1 4 , 2 7 9 7 3 , 6 1 3 9 33 25 20
4 . 5 8 4 3 <*.37 32 5 . 9 6 0 1 6 , 5 4 5 2 4 , 3 4 4 0 33 25 20
<* ©5 848 <* .3732 3 . 1 4 1 7 2 . 9 3 9 1 3 , 1 9 1 4 33 25 2 0
4 . 5 8 4 3 <* .3732 4 . 4 9 6 1 4 . 2 7 9 7 0 . 8 5 6 0 33 25 20
6 o 0 5 4 0 5 .  05 <*7 5 . 9 8 0 1 6 . 5 4 5 2 2 , 9 8 1 1 33 25 2 0
6 . 0  5 4 0 5 . 0 5  <*7 3 . 1 4 1 7 2 . 9 8 9 1 6 , 1 2 9 8 33 25 20
6 . 0 5 4 0 5© 05 <*7 4 . 4 9 6 1 4 . 2 7 9 7 3 , 5  48 7 33 25 20
3«18  66 3 . 0 4 3 3 6 . 4 5 6 0 7 . 4 0 7 2 8 , 7 2 7 3 33 3 D 2 0
3©1866 3 . 0 4 3 3 3 . 3 9 1 7 3 . 3 8 2 3 0 , 6 9 6 9 33 30 2 0
-  1*f*f -
• « «PPS ft ft « « oPP He « • « #PHS # « ,  « »PHW», « ft D I F F «o « a C F . . T P « ANGL
3 © 1 866 3 , 0 * * 3 3 4 , 8 5 3 9 4 , 8 4 3 3 3 . 6 2 1 3 33 3 0 2  04 . 9 3 1 7 4 . 9 4  92 6 , 4 5 6 0 7 , 4 0 7 2 4ft 9 5 1 0 33 30 2  04 , 9 3 1 7 4 . 9 4 9 2 3 , 3 9 1 7 3 , 3 8 2 8 3 f t 1 3 2 8 33 3 0 2  04 , 9 3 1 7 **•9**92 4 , 8 5 3 9 4 , 8 4 3 3 0 , 2 1 1 7 33 3 0 2  0
6 , 5  A 2 0 5 o 7 2 G 3 6 , 4 5 6  0 7 , 4 0 7 2 3 . 3 7 3 7 33 30 2  0
6 . 5 1 2 0 5 ,  72 03 3 , 3 9 1 7 3 , 3 8 2 8 6 , 2 5 8 5 33 30 2 06 , 5 1 2 0 5 , 7 2 0 3 4 , 8 5 3 9 4 , 8 4 3 3  . 3 , 3 3 7 4 33 3 0 2  0
3 , 3 8 9 2 o , 3 7  89 6 , 8 0 7 8 8 , 2 2 4 ú 9 . 6 9 0 2 33 35 2  0
3 , 3 8 9 2 3,  37 89 3 , 6 1 8 6 3 , 7 5 5 8 0 . 7 5 3 9 33 3 5 2  0
oa 3 0 9 2 3 , 3 7 8 9 5 , 1 7 8 6 5 , 3 7 7 4 3 . 9 9 7 1 33 35 2 0
5 , 2 4 5 3 5 a 4 9 4 9 6 , 8 8 7  6 8 . 2 2 4 0 5 . 9 5 7 3 33 35 2 0
5 , 2 4 5 3 5 ,  ¿*9 **9 3 , 6 1 8 6 3 , 7 5 5 8 3 . 7 5 2 7 33 35 2 0
5 , 2 4 5 3 5 , 4 9  49 5 , 1 7 8 6 5 o37 74 0 , 8 9 6 3 33 35 2 0
6 , 9 2 6 2 6 , 3 5 1 1 6 , 8 8 7 0 8 , 2 2 4 3 3 » 7 4-5 7 33 35 2  0
6 , 9 2 6 2 6 o 3 5 1 1 3 « 618  6 3 . 7 5 5 6 6  « 815  3 33 35 2  0
6 , 9 2 6 2 6 , 3 5 1 1 5 , 1 7 6 6 5 , 3 7 7 4 3 . 4 9 5 3 33 35 2  0
2 * 3 * 5 1 2 * 0 8 4 9 4 , 7 1 2 7 5 , 0 7 4 5 5 . 9 7 9 2 23 2 0 25
2 . 3 4 5 1 2 , 0 8 4 9 2 , 4 7 5 3 2 , 3 1 7 4 0 * 8 3 7 2 23 2 0 25
2 . 3 4 5 1 2 o 0 8  49 3 , 5 4 3 2 3 , 3 1 8 0 2 * 9 1 6 7 23 20 25
3 , 6 2 9 3 3 , 3 9  05 4 , 7 1 2 7 5 , 0 7 4 5 3 . 3 6 7 3 23 2 0 25
3 , 6 2 9 3 3 , 3 9 0 5 2 , 4 7 5 6 2 , 3 1 7 4 2 , 6 2 3 7 23 2  0 25
o « 6  2 9 ö 3 , 3 9  05 3 , 5 4 3 2 3 , 3 1 8 0 0 * 9 2 7 9 23 2  0 2 5
4 . 7 9 2 3 3 , 9 1 8 3 4 , 7 1 2 7 5 , 0 7 4 5 2 , 3 1 1 2 23 2 G 25
4 , 7 9 2 3 3 ,  9 1 88 2 e 475  8 2 , 3 1 7 4 4 c 9 4  9 7 23 2  H 25
* * , 7923 3 , 9 1 6 3 3 , 5 4 3 2 3 où 1 8 ti 2 , 9 4 9 6 23 2 3 25
2« 564G 2 , 4 2  57 5 , 1 7 5 7 5 , 9 0 4 0 6 , 9 5 6 7 23 25 25
2 , 5 6 4 0 2 , 4 2  57 2 o 7191 2 , 6 9 6 7 0 * 5 8 6 8 23 25 25
2©5640 2 , 4 2  57 3 , 8 9 1 3 3 c 8 6  Ö5 2 . 9 3 1 3 23 25 25
3 , 9  681 3 , 9 4 4 3 5 , 1 7 5 7 5 , 9 0 4 0 3 , 9 1 8 4 23 25 25
3 , 9 6 8 1 3 , 9 4  48 2 , 7 1 9 1 2 , 6 9 6 3 2 , 5  437 23 25 2 5
3 , 9 6 8 1 3 , 9 4  43 3 , 8 9 1 3 3 , 8 6 0 5 0 , 2 1 5 4 23 25 25
5 , 2 3 9 7 4 , 5 5 9 5 5 , 1 7 5 7 5 , 9 0 4 0 2 . 6 8 9 1 23 25 25
5 , 2 3 9 7 4 ,  55 95 2 , 7 1 9 1 2 , 6 9 6 3 5 , 0 8 6 8 23 25 25
5 , 2 3 9 7 4 « 55 95 3 , 8 9 1 3 3 , 6 6 0 5 2 , 7 5 3 5 23 25 25
2 , 7 5 8 0 2 , 7 4 5 2 5 , 5 8 7 6 6 * 6 8 1 5 7 , 8 7 2 9 23 3 0 2 5
2 , 7 5 8 0 2 , 7 4 5 2 2 , 9 3 5 5 3 * 0 5 1 4 0 * 6 1 2 5 23 3 0 25
2 , 7 5 8 0 2 , 7 4 5 2 4 , 2 0 1 0 4 . 3 6 8 9 3 e 2 4 7 4 23 30 25
* * , 2 6 83 4 ,  46 44 5 , 5 8 7 6 6 . 6 8 1 6 4 » 3 265 23 30 25
* * , 2 6 83 4 . 4 6  44 2 , 9 3 5 5 3 * 0 5 1 4 3 , 0 5 7 7 23 3 0 25
* * , 2 6 83 4 « 46 44 4 , 2 0 1 0 4 . 3 6 8 9 0,7277 23 30 25
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* • • PPS • • . . . PP W. . • . . PWS • • . • .PWW. . • • O I FF «• . .CF . . T P .ANGLE
3 . 1 3 2 2 3 . 2 6 9 7 3 .3*** *1 3 . 6 3  **5 1 .  0 0**6 23 35 2 5
3 . 1 3 2 2 3 . 2 6 9 7 * * . 7 8 5 8 5 . 2 0 3 7 ** • 1 **3 0 28 35 25*>.8**75 5 .3 1 7 * * 6 . 3 6 5 3 7 . 9 5 8 3 6 . 2 2 1 6 28 35 25** .8**75 5 .3 1 7 * * 3.3**** 1 3 .6 3 * *5 3 • 9**66 28 35 25** .8**75 5 .3 1 7 * * * * . 7 8 5 8 5 . 2 9 3 7 1 , 7 7 5 6 28 35 256.**QQ8 6 .1 * *  59 6 . 3 6 5 3 7 . 9 5 8 3 3 . 6 2 * * 7 28 35 256 .  *»008 6 . 1**59 3 • 3****1 3 . 6  3**5 6 . 1 1 3 5 28 35 25
6 . * *Ö08 6 .1 * *  59 * * . 7 8 5 8 5 . 2 0 3 7 3 . 2 3 0 2 23 35 25
2.6****9 2 . 3 7 1 8 5 . 3 1 5 3 5 . 7 7 2 8 6 . 8 0 2 0 33 20 25
2.6*** *9 2 . 3 7 1 8 2 . 7 9 2 5 2 .6 3 6 * * 0 . 8 5 8 5 33 20 2 5
2.6*** *9 2 . 3 7 1 8 3 . 9 9 6 3 3 .7 7 * * 6 3 .  2**91 33 20 25
** .093** 3 . 8 5 7 1 5 . 3 1 5 3 5 . 7 7 2 8 3 . S 313 33 20 25** .093** 3 . 3 5 7 1 2 . 7 9 2 5 2 .6 3 6 * * 2 . 9 1 9 1 33 2 ö 25
** .093** 3 . 8 5 7 1 3 . 9 9 6 3 3 . 7 7 9 6 0 . 9 1 5 9 33 2 ö 2 5
5 . * * 0 5 1 ** .* *561 5 . 3 1 5 3 5 . 7 7 2 8 2 .  6 2 9 3 33 20 25
5 . * * 0 5 1 **• **5 81 2 . 7 9 2 5 2 .6 3 6 * * 5 . 5 3 7 6 33 20 2 5
5 . * * 0 5 1 **.**581 3 . 9 9 6 3 3 . 7  7 **ó 3 . 2 6 1 0 33 29 25
2 . 8 9 1 9 2 . 7 5 9 5 5 . 8 3 7 6 6 . 7 1 6 5 7 , 9 1  ** u 33 25 25
2 . 8 9 1 9 2 . 7 5 9 5 3 . 0  663 3 .0 6 7 * * 0 , 6 1 5 7 33 25 25
2 . 8 9 1 9 2 . 7 5 9 5 * * .3 8 90 *»«3917 3 . 2  6** í* 33 25 2 5
** .* *756 ** .**877 5 . 8 3 7 6 6 . 7 1 6 5 ** . * *819 33 25 25
*».*»756 *♦ .**8 77 3 « C 6 6 6 3 .067¿* 2 .  a * * ie 33 25 25
*».*»7 56 **.**3 7 7 * * . 3 8 9 0 * * .3 9 1 7 0 . 1 9 7 5 33 25 2 5
5 . 9 0 9 6 5 . 1 8  7Ö 5 . 8 3 7 6 6 . 7 1 6 5 3 . 0 5 9 1 33 25 25
5 . 9 0 9 8 5 . 1 8 7 0 3 . 0  66 8 3 .0 6 7 * * 5 . 6 3 5 9 33 2 5 25
5 . 9 0 9 8 5 . 1 8 7 0 * * . 3 8 9 0 * * .3 917 3 .0 * * 1 6 33 25 25
3 . 1 1 0 7 3 . 1 2 2 9 6 . 3 0 2 1 7 . 6 0 1 1 8 . 9 8 0 9 33 3 C 2 5
3 . 1 1 0 7 3 . 1 2 2 9 3 . 3 1 0 9 3.¿>713 0 . 7 2 1 3 33 30 25
3 . 1 1 0 7 3 . 1 2 2 9 * * . 7 3 8 2 **«9701 3 . 7 1 3 9 33 3 C 25
* * .8 i * * 2 5 . 0 7 8 7 6 . 3 0 2 1 7 , 6 0 1 1 5 . 5 7 3 8 33 3 0 25
** .81**2 5 . 0 7 6 7 3 . 3 1 0 9 3 . * *7 1 3 3 . 5 3 5 7 33 3 0 2 5
* * . 3 i * * 2 5 . 0 7 8 7 * * . 7 3 8 2 * * .9 7 01 0 . 9 9 2 8 33 30 25
6 . 3 5 6 9 5 . 8 7 0 1 6 . 3 0 2 1 7 . 6 0 1 1 3 . * * 6 2 0 33 3 9 25
6 . 3 5 6 9 5 . 8 7 0 1 3 . 3 1 0 9 3 .* *713 6 . 0 9 2 0 33 30 25
6 . 3 5 6 9 5 . 8 7 0 1 * * .7 3 3 2 * * .9 7 0 1 3 . 2 3 7 3 33 3 C 2 5
3 . 3 0 8 5 3 . * * 6 7 3 6 . 7 2 3 7 8 . * *3 92 1 0 . 2 6 1 5 33 35 25
3 . 3 0 8 5 3 .  **673 3 . 5 3 2 3 3 • 85**1 1 . 0 9 1 2 33 35 25
3 . 3 0 6 5 3 . * *6  73 5 . 0 5 5 2 5 . 5 1 8 1 **• 9 1 9 3 33 —T r~O 5 25
5 . 1 2 3 * * 5 . 6 3  37 6 . 7 2 3 7 8 . * * 3 9 2 6 . 6 3 7 b 33 3 5 2 5
5 . 1 2ö** 5 . 6 3 8 7 3 . 5 3 2 3 3 • 8 5**1 * * . 2 1 2 * 33 35 25
-  1^7 -
« «PPS. . a• a PP Hm  « • «PUS*. . . .PWW. o • • D I  F F aa« * C P « .TP. ANGLE
5 . 1 2 0  if 5 . 6 3  87 5 .0 5 5 2 5 . 5 1 8 1 1 , 9 6 2 7 33 3 5 25
6 . 7 6 1 2 6 . 5 1 7 8 6 . 7 2 3 7 8 .8 3 9 2 3. 8838 33 3 5 25
6 . 7 6 1 2 6 , 5 1 7 8 3 . 5 3 2 3 3,850-1 6,8577 33 3 5 25
6 , 7 6 1 2 6 , 5 1  78 5 . 0 5 5 2 5 .5 1 8 1 3 . 8 1 2 0 33 3 5 25
200,000 1 2 , 0 0 1 2 ,0  0 21500 8000  17000 ococ\j 8 .  181 £».00 0
1 8 . 7 5 0  25  28 25 50 0 . 0 0 0 5 . 0 0 0  1
TABLE - L1
*** GEAR DESIGN TO BRITISH ST ANDARQ 436-19^0 ***
PINION WHEEL
** INITIAL OESI3N DATA **■ .
J fJ f i f  i f  J f i f  i f  I f  ! f  J f J f i f  i f  Jf i f  Jf J f Jf J f i f  i f  J f J f i f  i f  i f  Jf i f
H.P. TRANSMITTED V- 2 0 0 . 0 0 if 2 0 0 . 0 0 if
REVS.  PER MINUTE Jf 500.00 if IOC.00 i f
GEAR REDUCTION if 5.00 TO 1 * 5. 0 0 TO 1 J f
NUMBER OF TEETH if 2 5.00 if 125.00 V
RUNNING TIME/DAY i f 12.0 HRS if 12.0 HRS -V
HELICAL GEARS (EXTERNAL) if 25.0 DEG i f 25.0 DEG i f
I f  J f Jtt J f f  i f  f | f  J f J f Jf J f f  f  f  7,1 I f  OÇL Jf Jf Jf i f  J f St V. A?. Jf ÌJ.
* GEAR MATERIALS **
Jgt. Jgî. Jfet f  J5C Jf Jf Jf Jf . f  I f  J f #  J f J f Jf I f  #  J f - f  i f  J f J f At | f  J f | f  i f  i f
BENDING STRESS FACTOR. (S 3) * 21500 * 170B0 *
SURFACE STRESS FACTOR (SOI* ¡*000 * 2600 *
Jf i f  Jf Jf Jf Jf Jf Jf f  i f  i f  f  y . | f  Jf | f  J f J f i f  | t  Jf Jf J f i f  i f  #  i f  i f  i f
- REFER B.S.S. ¡*36 APPENDIX A FOR A SUITABLE MATERIAL -
PITCH OF GEARS **
NORMAL DIAMETRAL PITCH 
CIRCULAR PITCH
* GEOMETRY OF GEARS **
PITCH CIRCLE DIAMETER 
BLANK OR TIP DIAMETER 
CUTTER CORRECTION (RACK) ... 
ADDENDUM OF TEETH 
WHOLE DEPTH OF TEETH 
ROOT OTA METER OF GEARS 
TIP WIDTH OF TEETH 
•WIDTH ( CF= 25.23) 
CONSTANT CHORD LENGTH 
CONSTANT CHORD HEIGHT 
BOTTOM CLEARANCE 
¡'ITCH LINE VELOCITY 
CENTRE DISTANCE 
RUNNING PRESSURE ANGLE
HIGH-CLASS COMMERCIAL CUT
* TOLERANCES **
CIRCULAR PITCH iCL.32) 
PROFILE ERROR (CL.3 A) 
TOOTH THICKNESS (CL.¡*6) 
CENTRE DISTANCE < CL. ¡*7)
If if if if if if if it Jf it if if Jf if if if if if if Jf if Jf if if Jf Jf At jf jf
it p 0 G 0 * 3 o 0 0 0 jf
Jf 3 c 31 3 * 3 o 3 13 jf
if 0 o 7 B 5 * 0 © 7 0 5 »
i'- if if if if it it if if f  Jf it it jf. it it if Jf Jf Jf if Jf f  if Jf if it f  Jf
if if if it Jf it -f Jf Jf f  if f  it Jf it if Jf if jf if it it if if f  if i,t Jf Jf
-  6 , 25 0 IN S  * 3 1 . 2 5  0' IN S jf
*  6 o 8 3 3  IN S  * 31 » 558 IN S it
, ; . JL « 0 7 3  IN S  * - , C . 073 IN S jf
*  Go 2 9 3  IN S  * 0 , 1 5 3  IN S i-
*  0 o 5 6 2  IMS * Oc 337 IN S jf
*  5 p 6 8 3  IN S  * 3 0 c 6 8 3  IN S if
*  Ü 6 1 8 3  IN S  * 0 o 230 IMS it
6 c 6 2 2  IN S  * 6 c 307  IN S it
if• V 3 9 3  IN S  * Co 30 0 IM S if
*  0 c 261. IN S  * On 123 INS if
X 0 o 1 2 9 1 INCHES Jf
V- 8 1 8 p1250 F T /M IN *
WV 1.8 , 7 50 0 INCHES Jf
V- 20 DEG 0 MIN Jf
». Jf it if if Jf it if if it it if it it it it if if if if it it it if it it if Jf it
GEARS (CLASS 3 0 R CLASS C)
J f  J f  Jf J f  ^  J f  J f  If if |f |f If if if if Af if Af if |f .f |f .f if it .f |f |f Jf
Jf +  0 o 0 038 INCHES Jf
Jf - 0 «  0 03 8 INCHES if
i t * 0 * 0 0 0 0 INCHES Jf
■if - O p 0 015 INCHES Jf
•nr - 0 « 0 051 INCHES if
if -  0 a 0 255 INCHES Jf
if - 0  0 0 063 INCHES ir
Jf 3 « 0 0 0 0 INCHES *
